LR ee LE rg een etree f ome ween. 
Re ee OO i et ee eee 


ba al EE etal Be id Lie all A fad A 


Ry ere 
Pea, 


a fy 
Pp 


ee 


< wy 
eel 43% 
Kee ha 
+9, SP n 
bate CRIS one 


ne 


- 


of, 


Sas 


a 
ct 


ta 


exe 
A 


i 


paket, 


frat 
evta 


y 


LLOYD’S REGISTER STAFF 
ASSOCIATION. 


TRANSACTIONS 


FOR 


SESSION 1928-1929. 


LLOYDS REGISTER OF SHIPPING, 
71, Fenchurch Street, 
London, E.C.38. 


RULES. 


(1) The name of the Association shall be “Luioyp’s Recisrer Srarr 
ASSOCIATION.” 


(2) The object of the Association is the advancement and dissemination of 
knowledge of present-day problems in shipbuilding and marine engineering, by the 
preparation and discussion of communications on the various technical aspects of 


the subjects. 


(3) The membership shall consist of the Technical Officers of Lloyd’s Register 
of Shipping. 


(4) The members of the Association shall elect Members of Committee and 
a President and Honorary Secretary who, in consultation with the Committee, shall 
arrange the procedure of the Association. All Past-Presidents of the Association 


shall be members of Committee ea-offcio. 


(5) The President, Honorary Secretary and Members of Committee shall 


retire annually and be eligible for re-election. 


(6) Papers contributed to the Association shall be for the information of 
Members, and shall be available for the Committee of Lloyd’s Register of 
Shipping, and the authors shall retain the right to subsequent publication, subject 


to the sanction of the Committee of Lloyd’s Register of Shipping. 


(7) Non-members may, at the discretion of the Committee, be invited to 


contribute papers to, or to discuss communications read before, the Association. 


(8) Meetings shall be held on the first Wednesday of each month from 
October to April inclusive, and/or at such additional times as the Association may 


hereafter decide. 


President : S 2 . W. DENNIS HECK. 


W. Warr. 


J. CARNAGHAN. 
Past Presidents - - = B. GC. Laws. 


A. A. A. CHALMERS. 


Hon. Sec. - - W. Tuomson, 71, Fenchurch Street. 
COMMITTEE—Zondon: 

J. R. Beverice. S. F. Dorey. J. 8. GARDINER. 
T. E. Sownpen. S. TowNsHEND. R. J. L. Warp. 
L. H. F. Youne. 

Aberdeen - - - - P. FivzGerawp. 
Barrow - - - - R. Farrney. 
Barry - - - - A. B. R. Harris. 
Belfast-  - -  -  - ° A. D. Morrison. 
Bristol - - - - - J. W. Gwynne. 
Cardiff - - - - - A. J. Barrer. 
Dundee - - - - IF Ye BEE: 
Falmouth — - - - - R. Morrirr. 
Glasgow 3 c - 2 nt S. Rowntree. 
H. L. Suruerst. 
Greenock - - - - K. Ineuis. 
Grimsby - - - : W. H. Copeman. 
Hartlepool - - - - R. D. Sumston. 
Hull - - - - - W. Matcor. 
Leith - - - - - C. Brn. 
Liverpool - a % > Ii E. Mixon. 
E. H. Dean. 
Manchester - - - - A. SMELLIE. 
Middlesbrough - - - J. R. Drprte. 
Newcastle - - - - fe alae 
Newport - - - - D. Macrarane. 
Sheffield . - - - J. PRINGLE. 
Southampton - - : - J. McMitray. 
Sunderland - - - - W. S. P. Cortes. 


Swansea - e - H. M. Patron. 


OcroBER 24 


NovemBer 14 


DECEMBER 12 


JANUARY 16 


Frsruary 20 


Marcy 13 


CONTENTS. 


SESSION 1928-1929 


“Boiler Surveys and Repairs.” 


A. EWING. 


“Docking: Stresses and Stability.” 
8. T. BRYDEN. 


“Some Notes on New Processes and Alloys in Cast 
Metals.” 


W. COWIE (Barrow). 


“Great Lakes Bulk Freighters.” 
W. BENNETT (New York). 


“Pulverised Fuel and its Particular Application to 
Marine Boilers.” 


BE. W. WOODESON. 


“The Doxford Opposed Piston Airless Engine.” 
J. HARBOTTLE (Sunpertanp). 


See? 


LLOYD’S REGISTER STAFF ASSOCIATION. 


OPENING MEETING. 


The Opening Meeting of the Session was held in the Board Room 
of the London Office on Wednesday, 24th October, 1928. 


President - - Mr. W. Dennis Heck. 


President’s Address. 
GENTLEMEN, 


My first duty this evening is to thank you for the honour you have conferred upon me in electin 
me to the office of President of this Association. Believe me, I do indeed consider it an honour, and 
trust that with your goodwill and help I may be enabled to perform these duties in a fitting and accept- 
able manner. 


The man of the evening is, of course, Mr. Ewing, who will presently read his paper on “ Boiler 
Surveys and Repairs,” but following precedent and custom | propose to offer you a few ere: 
remarks. May I ask you to follow me in considering where, as an Association, we now stand. I do so 
for the reason that from time to time your Committee have thought well to deliberate regarding possible 
methods of extracting the very best results from the work of this Association. 


First, Gentlemen, I would ask what do you regard as the criteria of success of an institution such as 
this? If the interest shown by the members is to be regarded as being foremost in importance, then I 
would call your attention to the fact that one of our outport members, the widely travelled Mr. James 
French, had timed his arrival in this country to coincide with this first meeting of the present session, 
and he has assured me that it is only a personal engagement of pressing importance which prevents him 
being with us to-night. 


Secondly, is the number of our members a definite indication of our prosperity, and do changes in 
our numbers indicate progress or the reverse ? Reviewing the position from the mathematical standpoint 
and differentiating numbers with respect to time we obtain the result, nought. One solution of this 
result is that we have reached a maximum and can go no higher, but another finding, which is 
mathematically correct, is that we are ata minimum! This is somewhat puzzling so that we must seek 
relief elsewhere. 

From the materialistic standpoint we should certainly examine our financial condition. Here we 
find that even in those vintage years when Mr. W. Watt, a master of procedure, Mr. J. Carnaghan, the 
wise counsellor, and Dr. B. C. Laws, the learned savant, held sway, we fell steadily into debt, and it 
required the astuteness of the forceful Mr. A. A. A. Chalmers to restore us to a condition of financial 
soundness. So effectually was this done, and so gratifyingly large was the resulting credit balance, that 
your Committee were very considerably embarrassed in deciding in what precise security these surplus 
funds should be invested. But, Gentlemen, these changes are too precipitate to enable logical conclusions 
to be drawn from them, and in our search for truth we must move on once again. 


Shall we consider the papers which are read under our auspices? Do they retain in their initial 
degree those desirable qualities of being useful and interesting ? 1 think so, for the reason that in the 
course of everyday work it is sometimes my privilege to reply to colleagues and friends who may desire 
information on some particular point, and in many cases I am able to refer them to the transactions of 
the Association. 


Another point worthy of consideration is the readiness or difficulty with which we obtain papers. 
Everyone must know that the work of writing a paper is a fearful job. Further, we have all been asked, 
“How can man die better than facing fearful odds?” Our members, however, appear to enquire, more 
cheerfully, “‘ How can man live better than doing fearful jobs?” This is evident from the information 
given me by our indefatigable Hon. Sec., Mr. W. ‘Thomson, who assures me that it has never been 
difficult to obtain papers—and never will be ! 


I feel that we have now conducted a fairly exhaustive enquiry as to how this Association stands, but 
even yet I am not satisfied with the answers obtained. Making a final effort to see things in their true 
light I refer to Rule 2, which states that “the object of the Association is the advancement and 
dissemination of present-day problems, etc.” 


But underlying these formal phrases is something higher and better which indicates the spirit of the 
Staff Association. It is the spirit of mutual help and sympathy which tells that the author of a paper or 
the contributor of some brilliant piece of discussion do not seek personal kudos, but are actuated solely by 
a desire to be of assistance to those with whom they are so intimately associated and so closely tied. It has 
been said that Society can only hold together while we continue to have high ideals of service for others. 
If this maxim is true for Society in general, it is true for us in this particular sphere. Believing this 
ideal to have been the very origin of our existence, I commend it to you in the sure hope that we shall 

uard it closely and, granted this care, there can be no doubt as to the present and future prosperity of 
the Staff Association. 


BOILER SURVEYS AND REPAIRS. 


By A. EWING. 


Reap 24TH OcToBER, 1928. 


ForEWORD. 


To read before this Association a paper dealing with the purely practical side of surveying may be 
construed as “ Carrying coals to Newcastle.” 

No apologies, however, are offered. ; 

The problems met in the everyday duties of a Surveyor are so varied, and sometimes so complex, 
that no two men can have had entirely similar experiences, or hold the same views on all points. Free 
discussion of our problems must therefore be most helpful in our profession, and it is with a view to this 
that the paper is placed before the Association. 

The opinions expressed are personal views, and in writing the paper no reference has been made to 
Ory tae or previously published papers. If there is any appearance of plagiarism it is purely 
accidental. 

Discussions are of special value to the younger members of the Staff, and the more severe the 
criticism of this paper the greater will be its utility. 

If some of us were confronted with certain of our early recommendations we would look for a small 
hole in which to hide! 

While definite suggestions are made regarding certain repairs there is no intention to be dogmatic. 

Except in rare cases it is a safe rule to give both the man who is doing the job, and the man who is 
paying for it, credit for knowing something about their business. They are our teachers as well as our 
clients. If a thing must be condemned it is better to allow those directly responsible to take the 
initiative. It reflects more credit to a Surveyor to have things put right at his “suggestion” than on 
his “ demand.” 

A knowledge of human nature is a great assistance in deciding the attitude to be adopted. 

Perhaps some day we may persuade one of our more venturesome members to give us a paper on 
this subject, but the blue pencil of the censor would probably be heavy upon him ! 


New BoiLers. 


In modern boiler works construction progresses so rapidly that unless the Surveyor is in almost 
constant attendance there will be very few visits during the construction of any one boiler. 

There are, however, stages at which inspections should be made, and from these examinations it is 

ssible to judge the general efficiency of the work. The checking of materials with advice notes 

is usually the object of the first visit. The branding of plates leaves much to be desired, and it is 
frequently necessary to exercise a little imagination as to the markings. The materials being found 
satisfactory, flanging, and the efficient annealing of flanged plates, is the next consideration, galling and 
lamination being looked for at this stage of the work. Combustion chambers and end plates should be 
examined after assembly, and before riveting, special attention being paid to the closeness of the work in 
way of scarphs. The pitching of screwed stays can be conveniently noted at this stage of construction. 

The fit of furnaces in the end plates (particularly if the flanging is outward) cannot be judged at 
the caulking edge. The closeness of the work in way of the rivet holes should always receive attention. 
When examining the rivet holes in the boiler shell after assembly, the fitting of butt straps, the diameter 
and pitch of rivets, and the arrangement of riveting of the manhole compensation ring, can be noted. 

Of course, boiler shells are hydraulically riveted, and the plate-closer leaves very little danger of the 
formation of a collar between faying surfaces, but closeness of work before riveting is of prime 
importance in attaining satisfactory results. 
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The tapping of stay holes and the fit of screwed stays can be checked as work progresses, not 
forgetting that a badly fitting stay will appear to run in tightly if it has been dragged over the heel of 
a convenient angle bar. Where stays are screwed in a screwing machine, instead of being struck up in 
the lathe, it is advisable to watch for drunk threads and variation of diameter. (Cutting compound or 
ee oil should be cleaned from screwed stays before fitting, but this will be dealt with later in 
the paper.) 

The riveting can be noted as work progresses, and the prescribed tests should be applied to rivets 
taken occasionally from stock. 

The most convenient time to see the fit of manhole door spigots, and the seating of stay nuts, is 
when the boiler is under test. 


ANNUAL SURVEYS anD DEFECTS. 


Where boilers are well cared for, the annual survey may appear to be a mere formality, but even in 
the best hands boilers are liable to develop defects, and, as the looker-on sees most of the game, the 
surveyor, with no preconceived idea of what he will see, frequently finds weak spots which have been 
overlooked by the engineers in charge. In fact, when some of the defects are found, one wonders 
whether material strength or Providence has held the pressure ! 


MOovunrTINGs. 


Boiler mountings, being the master valves of the steam and feed pipe arrangements, receive a good 
deal of attention from the engineers on board, and defective vaives ae spindles are usually dealt with 
independently of the recommendations of the surveyor. In the anxiety for tight valves other vital points 
are frequently overlooked. 

Scum and blow-down valves of old boilers have probably had their seats knifed down a number of 
times, and the neck is liable to be dangerously weakened. One case comes to mind where the tool 
actually cut through the fillet at the neck of the chest. Necks of all mountings and shell fastenings 
should receive careful attention. Leaking shell joints, although they may not be causing serious 
corrosion on the boiler shell, may be causing dangerous wastage of the joint studs. 

The smaller mountings, being usually of bronze, are free from corrosion, but the larger cast iron 
and steel valves are liable to corrosion round the necks. If boiler mountings are lagged, the lagging 
should be portable, so that the whole chest, together with its shell flange and fastenings, can be 
examined. The condition of necks of mountings and shell attachments is more vital to the safety of the 
ship and those on board than the condition of valve faces. Straight leads of steam pipes and expansion 
joints should always be looked upon with suspicion. 

The thrust exerted on a stop valve chest through a seized expansion joint may be enormous. Ina 
case recently under survey, in which an expansion joint had failed to function, the neck of the stop 
valve was fractured round more than half its circumference, and the steel back stay on the chest was 
bent. Fortunately, the valve hung on, and the vessel made port, the engineers being under the 
impression that the shell joint had blown out. 

Where superheaters are fitted, it must be remembered that all fittings and pipes carrying superheated 
steam should be of steel. Where work is standardised, it is a very simple matter for a cast iron fitting to 
be worked in on the superheated steam line. 


EXTERNAL EXAMINATION. 


The outside of the boiler shell is not usually subject to serious corrosion, except in way of leaking 
joints, seams, and stays, and round the lower part of the end plates where corrosion is accelerated by wet 
ashes coming in contact with the plates. 

It is seldom that a boiler is surveyed with the lagging removed, but any leaks under the lagging will 
soon corrode the lagging, so the condition of the lagging is a good guide. 

The girth seam comes in for heavy racking when raising steam, or lying under banked fires without 
pints circulation, and if there is leakage at this part, grooving close to the caulking edge may be 
expected. 

pe The lower parts of end plate shell seams may also be strained, due to difference in temperature 
between upper and lower parts of the boiler, and are usually the first parts of the shell to require repairs. 

Electric welding of the seam, and building up of the end plate flange has become the standard repair, 
and should be applied before extensive wastage has occurred, thereby saving the necessity for plasters of 
welding at a later date. 
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Grooving on the water-side of the end plates may show in the form of cracks on the outside of the 
shell and furnace aperture flanging, so it cannot always be taken for granted that the stalactites some- 
times found round these parts have come from the seams. Where the grooving and cracks are local, 
welding will make an efficient repair, but if extensive or numerous, the end plate should be cropped and 
part renewed. 

In cases where the shell landing, lower part of end plate, and lower parts of the furnace mouths are 
badly wasted, it makes a good repair to crop back and pick up a fresh line of rivets in the shell and the 
furnace in way of the renewed part of the end plate. ‘ 

This repair requires great care in flanging the new section of the end plate, but, even with the deep 
flanges required, has been successfully done without the necessity for any local heating of the flanges 
when fitting. 


FURNACES. 


Now we come to a very vexed question which the writer hopes will draw the fire of some of our heavy 
armament, the projectiles being terse remarks from some of our senior and widely-experienced colleagues. 
A question that Surveyors are often asked is :—‘*‘ How much may a furnace be down before it is required 
to be dealt with ?” 

To this question there is no direct answer which could be put into a formula to cover all cases. The 
human as well as mechanical elements require consideration. 

Every furnace must be regarded as a separate case, taking into consideration the age, the condition 
of the furnace with regard to corrosion, the acuteness of the buckles and the position of deformed parts 
which may be liable to impingement of flame and further local heating. 

If the internal surfaces are in good condition, and the Log Book shows that systematic records are 
kept of gaugings to ascertain if there is any change of form, a difference of 2} ins. in the diameters need 
not be considered dangerous, provided that there are no sharp kinks destroying the arch or forming pockets 
and that the conditions under which the boiler is being worked are normal. 

Short fire bars appear in many cases to be responsible for the deformation of furnace crowns, and in 
cases where the furnace has come down in the vicinity of the bridge, the cause is aggravated. In such 
circumstances 2} ins. might be considered dangerous. 

In cases where furnaces are deformed on the sides, through the blowpipe effect of forced draught and 
badly fitted wing bars, the furnace sides along the line of bars will probably be deformed, and unless 
phar wing bars are fitted, further trouble may be expected. In such cases 2} ins. would be a serious 

efect. 

In oil-fired furnaces which have come in on corrugations near the front where the flame is liable to 
impinge, even 1} ins. might be considered to be worth dealing with to save future trouble. 

If a number of furnaces shew a tendency to this defect, it is wise counsel to advise the closing of the 
peste of flame or lowering the temperature of the fuel supply to distribute combustion further into the 

urnace. 

In cases of boilers which are oil-fired and have an intermittent load, such as some boilers in dredging 
work, brickwork in the furnace may lead to collapse. In one case of plain furnaces under such conditions, 
with one-third of the furnace bare and the front end back parts protected by brick, the result was that 
a complete corrugation was formed at each end of the exposed parts of the furnaces. 

While the aim of the oil burner is to complete combustion within a few feet of the burner, and only 
allow the clear products of combustion to pass through the combustion chamber and the tubes, there 
appears to be a limit to the amount of heat that can be conducted through the furnace plates and 
carried off by the convection currents in the boiler. In a recent case this limit appeared to be reached. 
The combustion in the furnaces was complete and the flow of gases from the furnaces to the combustion 
chambers was restricted by brickwork. The result was twenty furnaces were more or less deformed all 
round, some in on the sides and up on the bottoms. 

The firing conditions and brickwork were modified and for the past year there has been no further 
deformation. In four furnace boilers, where the maximum amount of “ boiler” has been crowded into a 
given space, the wing furnaces overhang the low furnaces with the result that circulation is interfered 
with and there is a tendency for the low furnaces to come in on the quarters. Should such furnaces 
require to be renewed, the fitting of smaller furnaces would prevent further trouble, or the same result 
might be attained by the removal of the wing tubes in the lower rows to give a more free upward passage 
for the steam generated at the furnaces, 
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FURNACE REPAIRS. 


The statement that the best repair in case of deformed furnaces is their renewal, will probably meet 
with general approval, but as ships and their boilers are real and not ideal we must consider the commer- 
cial side of the question and make efficient repairs without incurring unnecessary expense or delay. 


JAcKiInG UP. 


There are many who hold to the dogma that jacking up a furnace is like trying to lose a cat—it is 
sure to come back! If such were the case the jacking up would have been abandoned long ago, but it is 
still common practice and we must accept it in a great many cases, each case being judged on its own 
merits. 

Jacking up an old, badly corroded furnace, will probably do more harm than good, and unless the 
furnace plate is in reasonably good condition, apart from its form, the only really satisfactory job is 
renewal. On the other hand if the furnace plate is in good condition, jacking up may give perfectly 
satisfactory results. The problem of jacking up a furnace must be considered in conjunction with the 
conditions which caused the collapse. When any part of a furnace is “ overheated” (the term “overheated ” 
being used in a relative sense) that part expands, and being bound by the other parts of the furnace and 
the structure of the boiler, is brought into compression. This compressive stress, combined with the 

ressure, and the reduction of strength, due to overheating, causes the collapse. If the furnace is simply 
jacked up to form, the jacked-up portion and the surrounding plate are brought into a state of initial 
stress, rendering them liable to collapse at a lower degree of overheat than they would have originally done. 

The most common way of attempting to obviate this is by setting up the collapsed part beyond the 
true circle. This no doubt gives the weakened part more rigidity to resist collapse during the period 
while the initial stresses are normalising. Another method is to drill a hole in the middle of the buckle. 
(To use the boilermakers’ expression this hole gives the metal somewhere to go). 

The fact that the metal does go is proved by the deformation of the hole, but the stresses set up in 
the plate to cause, say, an 1} inch hole to take an oval form must be very considerable, and the greater 
part of these stresses remain in the plate. The better method would be to rip the plate across the buckle, 
thereby leaving two free edges and thus allowing the plate to take the jacked up form with the minimum 
of stress. This method has an additional advantage of considerably reducing the pressure necessary for 
jacking, and the consequent general distortion of the furnace. ‘The efficiency of modern electric welding 
renders this method practicable. 

Another method is to release the riveting at the furnace mouth, but unless the buckle is very near 
the boiler front the stresses caused by setting up the buckled part will be taken by the surrounding plate, 
and if you go to the expense of releasing, jacking up and re-riveting the furnace, you might as well renew 
it. 

When a furnace has come down in a pocket such as is occasionally caused by a zinc plate, or a bunch 
of candles Jeft on the crown, the best repair is to cut out the pocket and weld in new plate. 

_ he writer understands that this method is being adopted by some continental firms for dealing 
with extensive buckles, and plates are stocked rolled to the various forms of corrugation. 

The practice with regard to heating before setting up furnaces varies, filling the boiler with hot 
water being the most common, but this cannot be done if a hole or cut is made in the furnace. 

In some places gas fires are used, and in Japan charcoal fires are generally used. 


TuBE PLate CoNNECTION. 


The tube plate connections, or saddle seams, being subject to straining due to expansion and 
contraction, and being two-ply work in way of furnace gases or flame, are liable to develop cracks. 
Landing cracks, if dry, are better left alone, but if they leak welding is the only satisfactory repair. 

Sometimes in old boilers saddle seams get to a stage where cracks are developing between rivet holes 
and in the radius of the furnace flanges. When this stage is reached plasters of deposited metal will 
only serve as a very temporary repair. 

The only satisfactory repair is to crop out the fatigued material and fit a new plate. A very efficient 
pi can be made by cropping the upper part of the furnace near the top of the back corrugation and the 
tube plate horizontally below the bottom row of tubes, and fitting a furnaced patch welded to the furnace 
and tube plate and riveted to the wrapper plates. This repair does away with a riveted seam in way of 
the flame from the furnace. This repair is not applicable in the case of withdrawable furnaces, in which 
cases the riveted connection between the furnace and the renewed lower part of the tube plate is retained. 
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The inside of the combustion chamber is an excellent place for the Chief Engineer to give the 
Surveyor confidential hints about defects which have been struck off his repair list, but there are other 
reasons for going into these spaces. 


TUBES, 


The tube ends speak for themselves, and either call for expanding’ or renewal, according to their 
condition. Slight leaks from tubes may not appear serious, but if the lip of the beading projects the 
escape across the tube plate it may have the effect of a sand-blast, doing considerable damage to the 
surrounding tubes and plate. : 

The writer has seen a tube plate flange cut through, and the wrapper plate in way of the jet grooved 
half way through, by a leak that was not considered sufficient to justify cutting out the boiler. Steel 
tubes are liable to pitting, and the first indication of this is usually a leaky tube. As the tubes in the 
middle of the box cannot be thoroughly examined from the inside of the boiler, the number and condition 
of tubes that are renewed, together with the condition of tubes surrounding those which are withdrawn 
for renewal, must be taken as an index to the general condition of the remainder. 


Stays. 


Broken screwed stays can generally be detected by sounding from the fire side, but the sounding is 
not an infallible test, particularly in the lower parts of the combustion chamber where the curvature of 
the wrapper plates has a great effect on the ring of the stay. Burned stay nuts should be renewed before 
the stay ends are effected. 


BucKLED PLATES. 


If combustion chamber plates are so badly buckled that intermediate stays are deemed necessary, 
they should be cropped and new plates fitted. Intermediate stays greatly hamper the cleaning of the 
boiler without doing any real good. The hammock effect of bulges between the stays rather increases 
than reduces the ability of the plate to resist internal pressure, but renders plates more difficult to clean, 
and at the same time distorts the stay holes, and destroys the fair seating of the stay nuts. 

Caulking and renutting of stays under such circumstances is not an efficient repair. The holes 
should be retapped, and if the buckle is sufficient to destroy the seating of the stay nuts it is advisable 
to build a pad round the stay holes, thereby forming fair seating for the nuts, and at the same time 
compensating for straining of metal round the stays. 


Lanpinc CRACKS. 


Wrapper plate seams are very liable to develop landing cracks, and so long as these cracks remain 
dry they form good expansion joints. If these cracks leak, welding is the only efficient repair. Caulking, 
if resorted to, should be lightly done, for heavy caulking tends to force out the landing and causes 
cracks to develop between the rivets. If the latter form of cracks develop they should be dealt with 
as recommended for saddle seams, i.e., crop and weld in new plate. The line of crop does not appear to 
be important, but the writer would prefer to crop through the line of stays. 


C. C. Borroms. 


The bottoms of combustion chambers, particularly in donkey boilers, are liable to wastage from the 
= cm When this condition exists the lower part of back plates and tube plates will probably also be 
effected. 

Doubling of these parts is sometimes resorted to, but can only be regarded as a very temporary 
measure. 

When combustion chamber bottoms are renewed, it appears to be advisable to make the crop 
well beyond the apparent wastage, as, if this is not done, the old plate adjacent to the crop is liable to 
rapid deterioration. 


WELDING OF SEAMS. 


Where welding is done, whether it is welding in new plate, repair of cracks, or building up of 
landings, the rivets in way of and each side of the weld should be renewed. If the seams have been 
heavily caulked the caulking burr should be removed, and the faying surfaces laid up close before 
welding and re-riveting. Burning out is not a satisfactory way of removing rivets for boiler repairs. 
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LAMINATIONS. 


Laminations may be anything from small surface blisters to a complete layer formation throughout 
the plate. Surface blisters may be chipped off to ascertain the depth and extent of the lamination, and 
if found to be of small area and depth it is not necessary to do any further repair. If the defect is deep 
in the plate, the laminated part should be cut out and renewed. 

It is advisable to burn out the defective plate as it is easier to trace a line of lamination on the 
burned edge than if the edge were burned over by crosscutting. If the lamination extends beyond the 
cut, a blow with a hammer will reveal a definite line on the burned edge. 

The fact that laminated plates will stand for years, even under oil-fired conditions, without the 
defect becoming apparent, shows that so long as the laminge remain in metallic contact there is not a 
great reduction in the conductivity of the plate, but immediately any buckling separates the laminz the 
overheating of the fire side is inevitable. Tack rivets have been suggested as a temporary repair, but it 
is not likely that any Surveyor to this Society would approve of this. If, however, the buckled part is 
small, and on cutting out it is found that the lamination calls for the renewal of the furnace, it might be 
possible to accept a patch in way of the part cut out to enable the boiler to be kept in use for the 
completion of a voyage, but all conditions, including the human element, would have to be considered 
before allowing full boiler pressure. 

Laminations in combustion chamber backs sometimes necessitate the renewal of a whole back plate. 
If this is done in a low fire it may necessitate fitting the back in four sections to enable the plates to be 
passed through the furnace. This gives three horizontal welds in the height of the chamber, and the 
sum of the contractions of these three welds should be considered. Under ordinary conditions of 
working, where the plates are welded after the flanges have been riveted to the wrapper plate, the draw of 
each weld is yin. full, giving a contraction of about in. in the height of the combustion chamber. 

While this may not overstress the plates it throws the stay holes out of line with the holes in the 
back end plate. If temporary stays are fitted to locate the plate for welding, the stayholes should be 
tapped after welding before the permanent stays are fitted. This contention is not based on theory but 
on experience of actual jobs of this kind. 


CRACKED PLATES. 


The old chain riveting method of dealing with cracks is a thing of the past, having been superseded by 
welding. When a crack is found, the material adjacent to it is to be suspected. If, on close examination, 
the crack is found to be an isolated defect, it may be chipped out and welded, but if it is of a star or 
forked form, or if there are a number of cracks close together, the plate should be cropped beyond the 
apparent defect and new material welded in. 


INTERNAL EXAMINATION. 


Internal corrosion is the greatest boiler trouble with which engineers have to contend. Broken stays 
can be renewed and leaking seams re-riveted, but corrosion is more in the nature of a disease. 

The word corrosion is here used in the general sense, covering pitting, grooving, and general 
corrosion. 

The causes of corrosion are many and varied, and far beyond the scope of this paper. Reference 
will, however, be made to some of the causes, in relation to certain defects. 

The ability of a boiler to resist internal corrosion depends to a great extent on the treatment it has 
received during the first two years of its life. If a boiler is found at the 2nd.8.8.No.3 to be in good 
condition, it is almost certain that it has been well cared for when new, and that the good condition has 
been preserved by exclusion of air, and guarding against acidity of the water. The best index to the 
internal condition is to be found in the lower parts, and if careful examination of these parts reveals no 
defects, it is unlikely that any really serious corrosion will be found in the upper parts. 

With the old soda and lime treatment the colour of a boiler gave a good idea as to the health 
of the internal surfaces, but some of the patent treatments now in use preserve the steel under a very 
grimy-looking skin. 


PiTtTine. 


This localised form of corrosion is very difficult to arrest, for the pits in the plate form a housing 
for the corrosive acid and a trap for air to support corrosion, 
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Oxygen has no affinity for steel except in the presence of an acid, therefore, although it is not 
practicable to totally exclude air from the boiler, if we get rid of the acid the action will cease. Regular 
cleaning and coating of the affected parts, and exclusion, as far as possible, of air from the boiler will 
wear down the action. 

Many different anti-corrosive coatings are used with success provided other conditions are fulfilled. 

Pitting which occurs in irregular patches is very obvious, and assumes a rather alarming appearance 
before the percentage of strength of the plate on any particular line is reduced to an extent to call for 
drastic action. Pitting such as is found about the fire line is much more liable to result in a dangerously 
weak line. 

Repairs of badly wasted furnace sides have been effected by cutting out panels of plate along the 
line of wastage, and welding in new plate pressed to the form of the corrugations. 

These repairs, although successful, were a war-time emergency, and, in the writer’s opinion, should 
be regarded as such. , en 

Generally speaking, when a furnace requires to be dealt with on account of pitting, it is a case 
for renewal. 

Pitted combustion chamber plates are sometimes thickened up by pads of electric welding on the 
fire side in way of the pitted area. Unless the pitting is very local, which it seldom is, this is a poor 
repair, and is liable to be looked upon with suspicion at every subsequent survey. If action is really 
necessary, it is generally better to crop. 

Combustion chamber tops are very liable to wastage in way of the girder ends. These parts should 
be built up by welding on the water side. If this is done at an early stage, it may save the renewal of 
the plate at a later date. 

Badly arranged feed inlets, or defective internal pipe joints, may cause very rapid localised corrosion 
of the boiler shell. This action ceases when the pipes are made good, but the plate may be wasted to 
such an extent that it is necessary to fit a doubling plate. 


GROOVING. 


This is the most obstinate of all corrosive actions in boilers. The weaker the plate in way of the 
groove, the greater is the tendency to hingeing action along that line, and the more the hingeing action 
the greater the tendency to grooving. 

Corrosion in the bottom of a groove is almost invariably active. It appears that the only reason 
that the action is retarded as the groove deepens, is that the air supply to support corrosion is more or 
less cut off by the deposit of scale. 

The punishment received by the material during the flanging of end plates, and forming the bottle- 
necks and flanges of furnaces, increases the liability of these parts to grooving, and inefficient annealing 
probably plays a part. 

The most common repair is to V out the groove and repair by electric welding, but in many cases it 
is advisable to crop and fit new material. 

If the repair is done by the former method the groove should be cut out in the form of a wide V, 
and the weld tapered down at the sides to merge into the plate. 

If the weld is left standing proud in the form of a rib it creates an abrupt change of section, and a 
consequent line of weakness along the side of the weld. Under these conditions it is probable that 
fractures will develop along the side of the weld. In some cases pieces of the weld may, at a subsequent 
survey, be lifted out. 

The grooving which develops in the radius of furnace aperture flanges of end plates is very 
difficult to deal with by welding from the water side. 

If such grooving necessitates repair it is better to cut right through and weld from the outside, or 
better still to crop and renew the flange. 

The grooving which is found on the water side of tube plate and combustion chamber back plate 
flanges, particularly in way of the straining action of the furnaces, is liable to be very deceptive in 
appearance. It may take the form of a definite step in the thickness of the flange along the line of 
caulking edge of the wrapper plate, the wastage extending round the flange in such a manner that 
there is little indication of wastage, except that the step adds to the apparent thickness of the wrapper 
plate. This form of wastage is liable to be found beside any lap joint, and, as the taper of the plate from 
its full thickness to the weakened line along the edge of the overlapping plate is so gradual, it is very 
difficult to detect it in a bad light. 
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Stay Necks. 


The corrosion which takes place round the necks of stays is another form of wastage which is almost 
impossible to arrest. In addition to the working of screwed stays due to the breathing, or internal 
vibration of the boiler, we have the difficulty of cleaning the necks of the stays, and the fillet of soft scale 
left round the neck forms a sponge which retains the corrosive medium and traps the air bubbles. 

The action usually goes on until it is necessary to renew the stays. When the stays are renewed it 
is frequently found that the plate around the hole is wasted to such an extent that it requires to be built 
up before retapping. It is common practice to build up a pad on the fire side of the plate to give the 
required thickness. This makes a very good job of the fire side, but the ugly pocket full of active 
corrosion is left on the waterside. Another method is to heat the plate round the hole and set back the 
corroded part to fair the water side before building up. This method is open to objections on account of 
local heating, but local heating has lost most of its terror and the fair surface on the water side is certainly 
an advantage. ‘The writer has had no opportunity of observing the progress of the corrosion after 
this treatment. 

The seed of stay neck corrosion is often well and truly planted during the construction of boilers, by 
running in the stays with dogfish or lard oil from the screwing machine as a lubricant, 

It is frequently found at No. 1 Survey that the internal surfaces of a boiler are in excellent condition 
but beads of toe brown substance are oozing from the stay necks. 

Samples of this exudation taken from a boiler as described above were analysed and found to contain 
acreolic acid which is the characteristic acid of animal oils. If stays and stay holes were cleansed of 
screwing oil or cutting compound and coated with white zinc and paraffin, or other non-corrosive 
lubricant before running in, there would be fewer corroded stay necks. 


Stays. 


Steam space stays give very little trouble. The corrosion at the necks of stays has already been 
dealt with, but it isa remarkable thing that wasted stays seldom break. The majority of broken stays 
are found to be practically original diameter and are fractured close to the plate, indicating that fatigue 
is the cause of the failure. Broken stays may appear early in the life of a boiler,and the trouble may 
recur at more or less regular intervals. As fractures in screwed stays usually develop almost flush with 
the plate, and are found in stays of full diameter more frequently than in wasted necks, it appears that 
failure is due to strength or rigidity, rather than to weakness. A well-fitted screwed stay in a rigid plate 
gives a condition at the plane of the plate surface equivalent to a sudden change of section. This 
condition existing at the plane of greatest bending moment, due to working and vibration, may cause 
rapid fatigue of the stay. 

Increasing the stay diameter is merely attempting to combat fatigue with rigidity. The better 
method is to fit stays having the minimum diameter at the mid-length and tapered up to the larger 
diameter of the screwed ends. This weakening of the body of the stay causes the flexing action to be 
distributed throughout the stay instead of being accentuated at the neck. 

When renewing broken stays it is sound practice to renew the row, for if, say, two stays in a line are 
broken the remaining stays in that row are’ probably ready to fail. While the job is in hand the extra 
cost is small and will save expense in the end. 


SHELL CoRROSION. 


Corrosion of internal surfaces of shell plates is not very common, except in donkey boilers where the 
corrosion is to a great extent due to their intermittent use. 

Leaky valves on empty boilers are responsible for a great deal of wastage. A good hammer and 
sometimes a drill are the Surveyor’s best friends on the surveys of badly used donkey boilers. The 
bottoms of donkey boilers are frequently left damp, and the corrosion of these parts may be of such a 
general character that the strength will be dangerously reduced without any very obvious pitting. 

Donkey boilers tucked in close to the funnel are very liable to shell corrosion, but, thanks to the 
increasing demand for winch steam and electric light when the vessel is in port, this type of boiler is 
being superseded by the full pressure auxiliary boiler which is treated much more seriously by the 
engineers on board, 
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TUBES. 


The condition of tubes is sometimes liable to be deceptive. This is especially true in the case of 
steel tubes which are very liable to pitting. f 

It is difficult to inspect tubes in the middle of a box, and we are practically compelled to judge the 
general condition by the number of stopped tubes. When renewing defective tubes opportunity may be 
afforded for examining some of those remaining, but unless there is good ground for taking a strong 
stand it may be difficult to justify the recommendation for the complete retubing of a boiler on account 
of pitting of tubes. y 

In some boilers there is a tendency for tube ends to work in the back tube plate. This defect is 
usually confined to the tubes in the lower half of the box, and may be overcome by fitting good stout 
permanent stoppers in one or more tubes to support the tube plate in way of the part where working is 
apparent. 


Suing Stays anD BEARERS. 


It is difficult to say what load is taken by sling stays and combustion chamber bearers. Some 
double-ended boilers give good service without either of these, but it is the general rule to have them 
fitted. Cases have been met with where the sling stays were bent, and the angles forming the attach- 
ment to the shell cracked, indicating that the stays had been in compression. 

Where combustion chamber bottoms are rigidly tied by brackets to the shell it isa common thing to 
find the rivets sheared in the standing flanges of connecting angles. Combustion chambers must work, 
and if the rivets in the brackets are found to be sheared, it is sound practice to allow freedom, replacing 
the sheared rivets by freely fitting bolts. 


WELDING. 


So many references have been made in this paper to repairs by cropping and welding, it appears to 
the writer that some remarks on welding are in order here. 

Tests have been made from time to time on specimens of materials welded by the various arce-welding 
systems now in use. ‘These tests have demonstrated that there is no difficulty in making welds having a 
strength equal to 90 per cent. of that of the solid plate. 

These tests have been made under more or less laboratory conditions, the plate edges being machined 
to form a uniform V throughout the length of the weld. The welding is done on a table with the plates 
so packed up in way of the weld that the contraction in cooling dewn after welding will result in an 
approximately straight test piece. The contraction in the direction at right angles to the line of weld 
is unrestricted so that the stresses in the weld and the adjacent material are reduced to a minimum. 


When two pieces of } in. plate are welded under conditions as described above, the draw is about 
sin. Such free contraction seldom obtains in actual boiler repairs where the rigidity of the structure 
prevents free contraction. In actual practice, a weld in a combustion chamber back plate draws about 
gzin. Comparing the unrestricted draw of +); in. with the draw of ;);in. in the actual boiler repair, we 
see that there must be a yield of ,3, in. during the cooling of the weld, and heavy initial stresses must be 
left in the plate. 

With a view to ascertaining the effects of restricted contraction on welds, some tests were carried out 
on a piece of boiler plate, as per Plate 1. 

Welding has long since justified itself in actual service as a practical method of making efficient 
repairs. It would be futile at this stage to try to either justify or condemn welding in general. The 
object of making these tests was to find the physical characteristics of welds made under conditions 
similar to those which obtain in actual repairs. 

PLATE 1, shows a diagram of a plate 26 ins. x 33 ins. of ‘61 in. flanging quality steel from which the 
tests were made. 

The shaded portions represent the welds, and the black insets in the shaded parts show the sections 
of deposited material. The dotted lines indicate the test specimens taken. 

The solid plate left between the welds acted as struts resisting the free contraction of the welds, and 
causing the weld and the adjacent material to be stressed during cooling. 

The plate at either end of Weld B was cut at right angles to the line of weld for a length of 23 ins., 
thereby allowing the contraction stresses to act over that length, instead of being confined to the weld 
and the immediately adjacent plate. 
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Test piece No. 1 was taken from the solid plate as a standard for estimating the percentage of 
strength of the welded specimens. 

Weld A. Trsts Nos. 2 anp 8. Puate 1. The V for welding was blown out by a gas flame 
and welded without dressing, with a view to ascertaining the effect of a gas cut on the weld. 
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Both these specimens were tested without dressing the weld flush. 

Test No. 2 broke well clear of the weld at a tensile of 99 per cent. of the solid plate. 

The elongation was 20°6 per cent. on 8ins., and 5 per cent. on 2 in., in bia of weld. 

Test No. 3 broke in the weld at a tensile of 90°5 per cent. of the solid plate, with an elongation of 
6 per cent. on 8 ins., and nil on 2 ins,, in way of weld. 

As these results are better than welds which were not gas cut, it appears that we rather over estimate 
the effect of the gas cut on the structure of the metal. 

Weld B. Trsts Nos. 44ND 5. Pate 1. Weld of normal V section with the plate cut to allow 
the contraction stresses to act over a length of 23 ins. 
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Trst Prece No. 4. ‘Tested without flushing the weld. It broke well clear of the weld at a 
tensile of 98 per cent. of the solid plate, with an elongation of 22°5 per cent. on 8 ins., and 5 per cent. on 
2ins., in way of weld. 

Test Pisce No, 5. Weld dressed flush before testing. Broke in the weld at a tensile of 89 per 
cent. of solid plate, with an elongation of 7 per cent. on 8ins., and 5 per cent. on 2 ins., in way of weld. 

Before any welding was done on the plate, the distance between the gauge faces F and F'1, Plate 1, 
were accurately measured. 

After welding it was found that in spite of the solid plate left between the welds the plate had 
contracted 049 inch. : 

The section between the gas cuts was then cut free, and again gauged, showing a further 
contraction of 009 inch. ; 

Taking the modulus of elasticity at 29,000,000, we find that there was a contraction stress of 5:06 tons 
per square inch remaining in the plate. 

So far as tensile strength is concerned the 23 ins. of free plate gives no advantage over the other 
welds, but it is interesting to note that test No. 5 is the only specimen with the weld dressed flush to 
show any elongation on 2 ins. in way of weld. ‘ 

Weld C. Tesr Preces 6 AND 7. Pare. 1. A gap 1} ins. wide was cut in the plate and filled 
in with welding with a view to ascertaining the effect of gaps sometimes made through errors in fitting 

atches. 
: Test Prece No. 6. Tested without flushing weld, broke 24 ins. clear of weld at a tensile of 
99 per cent. of solid plate with an elongation of 18 per cent. on 8 ins. and nil on 2 ins, in way of weld. 

Test Prece No. 7. Weld flushed before testing, broke in weld at tensile of 83 per cent. of plate 
strength, with elongation of 4°4 per cent. on 8 ins. and nil on 2 ins. in way of weld. 

Weld D. Test Preces 8 anp 9. PLATE 1. A normal V cut and filled in with welding. 

Test Prece No. 8. Tested without flushing weld, broke in weld at tensile of 96 per cent. of 
plate strength with an elongation of 10 per cent. on 8 ins. and nil on 2 ins. in way of weld. 

Test Prece No. 9. With weld dressed flush, broke in weld at tensile of 86°5 per cent. of plate 
strength with elongation of 5 per cent. on 8 ins. and nil on 2 ins. in way of weld. 

Fractures. In the five specimens which broke through the welds there was evidence of imperfect 
fusion between the different runs of welding, and the structure of the metal was very irregular. No 
parts of the fractures could be described as silky. The amount of free slag in the welds was not 
excessive. 

Depuctions From Tests. Comparing these tests with tests of plates which had been allowed to 
contract freely in cooling, it appears that there is very little loss in strength due to the stresses set up in 
cooling, but the loss in ductility is considerable. 

The elongations of 7 per cent.,4°4 per cent. and 5 per cent on the specimens with welds dressed 
flush do not compare favourably with tests made under ideal conditions as regards free contraction, under 
which conditions an elongation of 12 per cent. was easily obtained. 

In addition we have five tests out of eight broken at the weld, which also compares unfavourably 
with tests on record. 

Welding, however, has come to stay, and whatever its defects we must use it. 

It might be summed up that in welding we have ample strength, but deficiency of ductility and 
resistance to fatigue. 

In the application of welding this should be kept in mind and the work so arranged that the welds 
will be as far as possible kept clear of bending or alternating stresses. 

If grooving or cracks due to fatigue are to be dealt with it is better to crop and put in new plate to 
resist the fatigue, keeping the weld clear of the flexing action. 

It is the opinion of the writer there is no need to be alarmed at the stresses left in the plates after 
welding, and, unless in special cases, extensive releasing is not necessary. 

The removal of rivets in way of welds has already been referred to, but that is on account of water- 
tightness and not with a view to relaxing plate stresses. 

Although the fractures of test pieces described above are not things of beauty, and we must 
remember that the human element may occasionally let us down, the writer is of the opinion that , 
arc-welding used in conjunction with judgment is thoroughly sound practice for boiler repairs. 
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DISCUSSION ON Mr. A. EWING’S PAPER 


ON 


BOILER SURVEYS AND REPAIRS. 


Mr. S. F. Dorey. 


Mr. Ewing has quite rightly confined his paper to the marine cylindrical boiler and thus left full 
scope for another interesting paper on water-tube boilers which it is hoped will be forthcoming in the 
near future. Much of useful and practical interest is contained in this paper and no doubt ample dis- 
cussion will be received from our outport members. 

The Author mentions the presence of acreolic acid in the lubricant used when machining screw stays 
and further information respecting the constituents of this acid would be of interest. 

Mr. Ewing has done well to include in his paper some notes and experiments on electric welding, as 
the application of welding in boiler repairs has now reached rather large proportions. It is, however, very 
difficult to draw any definite conclusions from the results of the tests carried out. Indeed, the results 
taken asa whole are most unsatisfactory and but for the very large number of electrically welded repairs 
that have proved entirely satisfactory in practice the results might almost condemn electric welding for 
boiler repairs. 

The following remarks on the results of the test are offered by way of comment. 

Weld A. Trsts No. 2 & 3. These tests are not sufficient in themselves to judge the quality of 
the weld or the effect of the gas cut on the structure of the metal. The V being cut by means of gas, 
the surface becomes oxidised and a definite line of demarcation is formed between the old and the new 
metal. The thickness of this film will vary according to certain circumstances. The weld therefore 
starts with a defect, which incidently may be shown up very quickly by tests other than the tensile test, 
and as it is difficult to standardise defects the results are of little practical interest. The tendency to 
break outside of the weld might be expected since the weld of No. 2 was not dressed flush, though this is 
not borne out by test No. 3. 

Weld B. Tests No.4 & 5. It is noted that in the case of flushing the weld the fracture was in 
the weld. It is difficult to ascertain the stress in the weld when the latter is not dressed flush, as the 
stress may be about 10% less than that in the ordinary plate. 

Weld C. Trsrs No. 6 & 7 show that the material at the weld is very hard and would probably not 
stand up to any shock test. Particulars of the composition of the welding material and flux would be of 
value. It would also be of interest if tests could be made on the electrode before use and then 
aseries of tests made on the material of the electrode after heating it, together with its flux, to various 
high temperatures and allowing it to cool in air. 

Weld D. Tests No, 8 & 9 are similar to other tests and show the welding material to be in-elastic 
and consequently brittle. An examination of the welds subsequent to testing showed a coarse crystalline 
structure with many cavities. 

It is appreciated the tests have taken up considerable time and expense but it is thought that further 
tests are desirable if truly representative results are to be obtained. 


Mr. L. R. Horne. 


I concur in the Author’s expressed hope that the paper will induce older and experienced surveyors 
to give us the benefit of their ideas on the ailments of boilers and their cures. I would welcome the 
author’s opinion on the various systems which are used to combat corrosion in boilers. I have come 
across a number of boilers in which corrosion had been active and there had been considerable wastage 
of furnace and C.C. plates, but in which the introduction and careful use of such electrical systems as 
the “Cumberland” had apparently resisted corrosion and almost entirely prevented further wastage. 

Mr. Ewing considers that it is unwise to introduce welding where grooving has been serious. I 
gather he considers that, if this had occurred in the flanges of the front plates for the furnaces openings, 
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the plates in which the grooving had taken place should be cropped and renewed. I take it his reason 
is that he considers that the grooving here indicates that the plate had been subject, while the boiler has 
been in service, to bending stresses which have caused the grooving. My own opinion is that the 
grooving, which often appears in this place, indicates rather that the plate was damaged in the original 
flanging, though probably signs of this would not be apparent at the time. I think, therefore, that one 
may quite safely recommend that the defective plating be cut out, preferably from the outside, and built 
up by electrical welding. 

Finally may I hand on to any who may find a use for it a tip received from a senior surveyor now 
retired, Mr. G@. Murdoch. 

The case was an old boiler coming under survey for reclassification. Serious leakage had been 
taking place at the lower back end. Whena large amount of cement on the inside and salt on the 
outside had been removed it was seen that the flange had been plastered with welding for over three 
feet. This was cut off, and when sound metal had been reached there was a hole 15 ins. long by a 
full inch wide. The boilers were placed low down, and to crop the back end plate and re-rivet the 
circumferential seam in way of the repair would have necessitated turning the boiler and, I was assured, 
resulted in the bankruptcy of the owners. The repair suggested by Mr. Murdoch was simple and 
effective. 

A length of 2 in. round iron bar was fitted inside the boiler to project at least a foot at each end 
beyond where the flange of the back end plate was wasted. This was then welded in position on the 
inside, and after that process had been finished and tested for water tightness the wasted flange was 
built up, on the basis of the iron bar, on the outside. 


Mr. D. Conninson. 


Boilers are like the poor, we always have them with us, and being such common articles they are 
apt to be taken for granted and very little said about them. 

The author and several subsequent speakers have discussed the question of grooving, and it has 
been variously attributed to hinge action and to the punishment of the metal during flanging. I have 
noticed, however, that grooving in the bottle necks of furnaces and in the end plate flanging at the 
furnace mouth is nearly always present when the radii are small and seldom when the flanging is done 
over a Jarge radius. Whether grooving is due to the more concentrated hinge action in a small radius 
or to the plate being more punished in bending, or whether it is a combination of the two, I do not 
know, but I firmly believe that if the boiler maker could be induced to give us larger radii, we should 
experience far less trouble from grooving at these particular points. 

In view of the Author’s remarks regarding the inadvisability of making a weld where bending is 
likely to occur, I should be glad to know where he would crop the combustion chamber back plate 
when renewing a portion of it. 


Mr. J. R. BeveripGr. 


The author invites keen criticism of his paper, but it is not easy to oblige when one is in agreement 
with practically all the remarks contained therein. 

With reference to boiler mountings, the undue thinning of the shell of a bronze check valve due to 
repeated knifings of the seat, is a danger which might readily be overlooked if one has not had personal 
experience of the practice. 

No mention is made in this paper of water gauge fittings, and of the not infrequent need of having 
the connecting pipes cleared of deposit. 

Reference to test cocks is wisely omitted. 

Landing cracks of combustion chamber seams appear to be most common in oil-fired boilers, and are 
best left alone, unless actually showing signs of leakage. 

arding corrosion of new boilers, careful cleaning and treatment on every possible occasion during 
the first eight or ten months should lay the foundations of a healthy after life. It is in the surveyor’s 
own interest to be able to discuss with the engineers the best protective methods to adopt in each 
ghieid case, but unfortunately the trouble may be deep rocked by the time the first boiler survey 
1s due. 

Repairs to furnaces corroded on the water side, at the fire bar level, are frequently carried out by 
electric welding, with satisfactory results. The renewal of a furnace on this account would be drastic, 
unless the corrosion had been allowed to go too far. 
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I doubt if corrosion of the combustion chamber top plate in way of the girder ends is a very 
common occurrence, but the corrosion of the combustion chamber plating due to defective internal feed 
pipes is much more usual. 5 ; ; ; wen 

Corrosion at the bottom of a groove is not necessarily always active, especially where the boiler is 
under steady steam for a considerable period. Where these conditions prevail, a deposit is enabled to 
make a protective covering due to the lack of movement of the plate. ' 

I doubt if the average superintendent would be willing to renew all the stays in a row in which two 
or more stays have been found broken, unless the remaining stays were wasted. Otherwise, I scarcely see 
the necessity for a complete renewal. However insistent one may be in asking for the immediate renewal 
of defective stays, one cannot but note what small harm appears to result from the breakage of an odd 
stay here and there. ; ; ‘ ’ 

Corrosion of the shell plates of main boilers is fortunately infrequent, except in way of the drain 
plugs, where these are fitted. ; : 

The thorny question of the fit, or rather, misfit, of bottom manhole doors, has not been mentioned, 
although this is a subject which often provokes lively discussion. = : 

As the author states, welding repairs have come to stay, but it is a pity that the surveyor should 
be so largely dependent upon the skill of the welder. In-this respect, results from test pieces of welding 
done by other men are of limited use in assessing the value of work done by a particular man, and one 
may be reluctantly compelled to resort to the safeguard of a hydraulic test. 


Mr. C. N. Hunter. 


The author has put before us to-night a very interesting and instructive paper which I am sure will 
be of great assistance to ra of our colleagues. 

There just a few points I would like to make remarks upon :— 

Boiler defects generally develop slowly, and, if caught in time, precautions can be taken to prevent 
them spreading. ‘The main mountings seldom cause a surveyor anxiety, but such fittings as water gauge 
cocks have been found with twisted necks, which would show an apparently open cock when really the 
cock is partly closed—a very serious matter indeed. 

Furnaces. il fired furnaces haye been found to open out on the weld. This is not an uncommon 
defect, the usual remedy is to cut out the defective part and weld up. 

The author refers to furnaces which have an extensive bulge inwards, and states that a remedy is to 
cut across the bulge and jack up, then weld up the opening. 

Not forgetting the paragraph on welding at the end of the paper, it looks as if we cut out a piece 
to relieve a strain, and then after pushing the furnace back to as near normal as possible, we then weld 
up the opening and thereby re-introduce more strain. Perhaps Mr. Ewing will explain this a little more 
fully ? 

a may add that this method of repair has been effected in several instances with very satisfactory 
results. 

Tubes. Tube trouble in double ended boilers where the combustion chambers are tied top and 
ae is very common, and in many cases has been cured by making the pins in the sling stays an 
easy fit. 


Mr. D. GEMMELL. 


The troubles in connection with manhole doors should not be passed over lightly. These doors are 
frequently found a very bad fit in the manholes, particularly in the smaller coasting type of vessel. 

The slackness sometimes amounts to  in., or even as much as 4 in., due to corrosion of the boiler 
end plate flanging around the manhole, and of the spigot of the door itself. In such a case, even if the 
door is set in acentral position there is a danger of the joint being blown out, particularly if it is a new 
one and not properly tightened up, with the probability of serious injury to the engine-room staff. 

Where such corrosion has taken place the plate should be built up with welding to the original 
thickness without delay and the manhole door renewed if found necessary. 

Drain plugs should also receive special attention as these are sometimes rarely or never used, and 
there have been cases where no inside nut has been fitted. Corrosion of the thread has taken place and 
the plug blown out of the boiler, with serious consequences. 

Leakages in combustion chambers should receive attention, not only from a material strength point 
of view but in view of their liability to cause a large accumulation of salt, sometimes containing water 
forming a salt chamber which when overheated bursts with a violent explosion causing serious damage. 


4 


Cases have been known where the firebars and furnace front have been blown out of the furnace through 
the bursting of a salt chamber. 


A previous speaker’s remarks with regard to the frequent inaccessibility of blow down valves and 
the attendant probability of excessive corrosion due to leakages from their glands, revives the memory of 
my first experience of blowing down boilers. The ship had two double ended boilers and there was just 
sufficient space between the boilers and the ship’s side to enable a thin man to get in tothe blow down valves. 
There would be between 501lbs and 60lbs of steam on the boilers when I opened the valves and having 
noticed a quantity of salt around the flange connection to the boiler shell I knocked this off to ascertain 
the condition of the studs and nuts. To my horror there was only a thin ring of metal about two threads 
in depth where the nuts had been. Subsequent examination revealed a similar condition on each of the 
ney ecm valves and needless to say, new studs and nuts were fitted before further steam was raised on 
the boilers. 


CORRESPONDENCE. 


Mr. J. D. Boyrz. 


In connection with the author’s remarks on new boilers it is suggested that a very convenient time 
to form an opinion on the workmanship generally is when a boiler is being filled for the hydraulic test— 
before any final touching up has been done. 


Owing to the number of accidents that occur in boiler stop valves it is considered that ordinary cast 
iron should be superseded by a metal of superior strength and ductility for all moderate and large sized 
boiler mountings and that these should, in every case, have a drain valve of substantial size fitted. 


Back tube-plates have been known quickly to develop landing edge cracks after new furnaces have 
been riveted to them. To prevent these cracks leaking it is recommended that as much inside caulking 
as possible should be carried out at the back flanges of new furnaces even although it is often not possible 
to work round the entire circumference. 


On one or two occasions I have gauged a 3 in. hole drilled at the centre of a pocket in a plain furnace 
previous to and after jacking up and have not found any measurable difference. Perhaps the 1} in. hole 
mentioned by the author would function better. 


I agree with the author that sounding with the hammer for broken stays is sometimes deceptive and 
consider that the use of feelers is about the only sure test. 


When combustion chamber backs have to be renewed in several pieces some repairers prefer to do 
the bulk of the welding before the back is riveted to the wrapper plates. With the plates more or less 
free to adjust themselves the final contraction stresses can be kept low and then the fairing of all rivet 
and stay holes can be attended to. In this as in most other repairs, however, I endorse the foreword 
remarks of the author about giving the man who is doing the job credit for knowing something about it 
and consequently consider that the sequence of the various stages is generally best left in his hands. 

I recently came across a ship whose boiler furnaces had all been thickened up on the fire side of the 
bottle-necks, although it was stated that there had been no sign of wastage (and there certainly was none 
on the water side) in order to anticipate grooving when the vessel was being converted to burn oil fuel. 
Is the author of the opinion that grooving at these parts is more likely to occur in oil than in coal fired 
furnaces ? 


Mr. A. CAMPBELL. 


The paper on boiler surveys and repairs by Mr. Ewing is well worthy of close study, particularly by 
young engineer surveyors; it is to their advantage to have the irapee experience of their seniors placed 
at their disposal, as it may guide them in some future surveys. Over and above a good practical experience, 
a knowledge of the peculiarities or characteristics of the people we have to deal with and due allowance 
made therefore is helpful; this is sometimes called ~‘ tact.” 


Mr. Ewing seems, in my opinion, to expound the multifarious problems connected with boilers in a 
reasonable and business-like manner. 

In boilermaking or boiler design I prefer to have the front end plate in way of the furnaces = 
outwards and the holes bored out, making a landing of 3 ins. to o ins. for the furnace seam. This 
allows for a good fitting furnace which can also be machine riveted. It is seldom that one finds grooving 
at the front end plate flange of this type, most grooving takes place at the flanged-in type. — 
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I think that one cause of furnaces becoming distorted is by fitting breast stays too close to the furnace ; 
they prevent breathing. In some cases where it is necessary to support the back tube plate a three-legged 
dog and stay could be used with advantage instead of trying the back tube plate to the front end plate by 
a breast stay. 

With Pieiin to the dry cracks often found in combustion chamber plate landings, I think these 
cracks may be caused in many cases by leaving the sharp corner on the plate landing after it has been 
flanged and machined to the proper width. If that corner was examined through a microscope it would 
appear serrated and these serrations may be the start of cracks, particularly at the back plate where the 
flame of the fire strikes it. I endeavour to get boilermakers to round off this corner by grinding, chipping 
or filing, thereby minimising the chance of cracks starting. 

Stay nuts in combustion chambers should never be jointed, their function is to support the stay not 
to keep the stay tight, these nuts should be screwed hard up to the plate, metal to metal, then there 
would be fewer burnt nuts to replace. 

No part of a combustion chamber should have a doubling plate fitted, even as a temporary measure, 
unless a hole is drilled and left open in the old plate, otherwise there is the chance of steam generating to 
a high pressure between the two plates. 

Electric welding in the hands of an intelligent operator is the salvation of many boilers and facilitates 
repairs. Its handiness induces some people to overdo its usefulness and to plaster over large areas with 
the idea that they are restoring the plate to its original thickness and strength; the thickness may be as 
originally but the strength and ductility are lower. 


Mr. L. C. Davis. 


I wish to congratulate Mr. Ewing upon having contributed so excellent a paper to the Association. 
Paragraph 4 of his foreword is redundant; every word of the paper is obviously the result of practical 
experience and a full knowledge of his subject. 

A full blown landing crack to the rivet hole is only the development of a microscopic fissure at the 
sharp edge of the plate. The good practice of rounding the edge of the back tube plate at the saddle seam, 
and the edges of combustion chamber back plate flanges in way of the flames is becoming increasingly 
popular in new work. By thus removing the sharp edges which would become overheated, the liability to 
landing cracks is minimised and the same procedure is equally effective when adopted in old boilers. 

Dr. Pickworth in reading his paper on “ Corrosion” before this Association in 1923 demonstrated that 
a stressed portion of a steel plate was electro positive to the unstressed remainder of the’same plate. Thus 
the retention of stresses due to inefficient annealing supplies the conditions favourable to electrolytic action 
before the boiler leaves the works. Other plates become locally stressed during service and similar 
conditions result, but whereas under the former heading the difference of potential is constant, under the 
latter it increases as fatigue progresses. In a boiler fitted with plain furnaces and having that extra row 
of tubes at the bottom that give the extra horse power on paper and remain choked for their natural period, 
the meagre remaining unappropriated portion of the front end plates have to bear the whole brunt of the 
furnace expansion and the designer’s optimism with the result that after a definite number of flexions it 
is fatigued. Simultaneously electrolytic action is set up which increases in intensity as the fatigue becomes 
more acute, the bending now becomes localized at the weakened part of the plate and the combined effect 
is a lovely groove. The cure is as the author states “crop,” but the prevention is the omission of that 
bottom row of tubes. 2 


Mr. H. L. Surnerst. 


In his remarks on “New Boilers,” Mr. Ewing says that the fit of furnaces in the end plates, 
particularly if the latter are flanged outward, cannot be judged at the caulking edge, and this is very 
true, for often the use of a square shows that, after the dies have formed the flange, this latter has 
sprung in slightly and, unless corrected, what would appear to be a good fit at the caulking edge, is open 
at the rivet holes. There should be little trouble with the fit of a furnace made to the end plate, as it 
is easy to make the circumference of the furnace mouth true to } of an inch and whether machined or 
not, as the outward flanging is usually to permit of hydraulic rivetting, a close joint is assured. 

The power of an hydraulic machine, however, is sometimes abused, as witness in making of very 
small boilers, where the shell is only } in. and even less in thickness, the edge, before caulking, is found 
wavy sy the plate has been bulged out opposite each outer-row rivet, a serious matter to rectify but 
easy to fake, 
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Regarding furnaces and the author’s interesting remarks thereon, the enclosed rough sketch 
approximates to a sort of glorified tube-expander which I have seen used satisfactorily. It will be seen 
that this can be adapted to fair up plain or corrugated furnaces by changing the rollers to suit. 
cr distorted 3 ins. have been easily set back, probably more nearly circular than any jacking 
co 0. 


CARRIER WITH 
LUGS FoR RODS 


FRONT FRAME 


4 ADJUSTING RODS 


ADJUSTING NUT. 


WORM ORIVE BY SMALL MOTOR 


The practice of bricking up combustion chambers right round the bottom, and up the back to the 
level of the furnace top, as is often done by foreigners, causes some embarassment to the surveyor ; few 
superintendents volunteer to pick out even enough to allow likely spots to be sounded. 

Mr. Ewing’s test pieces are, I note, all welded electrically ; has he any results of pieces joined by 
oxy-acetylene ? I sometimes wonder why we are so conservative in this country regarding our welding. 
All the repairs the author proposes in his paper I have seen done abroad by oxy-acetylene, not always by 
dissolved acetylene either, and can vouch for satisfactory results. 

In conjunction with this paper. a re-reading of Dr. Pickworth’s on “ Corrosion,” shows how, due to 
its very methods of manufacture, a boiler is born to trouble as the sparks fly upwards. 

I take this opportunity of thanking Mr. Ewing for his interesting paper. 


Mr. 8S. Townenp. 


I have read Mr, Ewing’s paper with much pleasure, as one who used to be specially interested in 
studying the improvement in the design of the Scotch Boiler. The Association will be enriched by its 
valuable information. 


Coming to my remarks on the paper, in the last paragraph under the heading of “Furnaces” is 
mentioned overcrowding of heating surfaces and consequent lack of circulation. It is this aspect that 
has ec lost sight of in design. The points to aim at, both for improved results and cheaper cost, were 
I found :— 

(1) Widening horizontal pitch of tubes, or omitting a vertical row of tubes over furnace 
crown. At my suggestion asmall boiler was built with 14 in. horz. water space and two nn over 
crowns 3 in. wide. About 7! the heating surface was sacrificed, but I was told it was the best in 
the fleet for circulation and easy scaling. 
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(2) Reduction in number of C.C. girders to a minimum by large radii at top corners of the 
boxes, making flanging of back tube and C.C. plates easier. 

(3) Wide water spaces between boxes and between boxes and shell. 

(4) Increased proportion of boiler diameter for steam space to 4 or 3 D. to avoid priming. 

The above all involve reduction of heating surface, but where 90 % or more of this is in the tubes 
its value is very much reduced by a coat of scale which is never removed, and it is thought that too much 
importance is attached to it in owners’ specifications. Heating surface yer se is not a measure of 
efficiency, as of two boilers giving equal evaporation, that with the less surface shews the higher evapora- 
tion per square foot. 

Sling stays and gussets to shell. These are fitted to take the excess load above that which the tube 
plates can carry due to pressure on ©.C. tops. In large double ended boilers there may be as much as 
20 square feet to support, with chambers 5 ft. long. The apportionment of the load between the tube 
plates (through the girders) and the stays to shell is practically indeterminate. Some makers leave 
clearance in the stay eyes for chambers to expand up, others for the shell plating to expand and barrel. 
1 am of opinion that want of the latter clearance causes the fractures often noted in bottom gusset 
plates and rivets, and even’through the eye holes of top stays as in a case recently in hand, a sample of 
which was forwarded to London as being of interest. If the clearances were made excessive, no such 
damage would be sustained and probably the large factor of safety would enable the tube plates to take 
all the load, though it might result in leaky stays and tubes through tube plates working and buckling. 
Again, with one row of sling stays, these might be supporting the chamber slightly off the centre causing 
distortion through the unequal loading of the tube plates. The above trouble has happened in a recent 
case here. It is suggested that a gauge, made by fixed and sliding washers on the sling stay, would shew 
the relative movement of chamber and shell. 

A wide horizontal pitch of tubes would avoid all these ills by enabling the chambers to be self 
supporting. For instance with 34 in. tubes, an increase in horizontal pitch from 4%in. to 5}in. would 
raise the ratio 7 in the formula from *26 to °87, an increase of 42% in the allowable pressure. 

An interesting detail, involving frequent repair, is found in the McNeil manhole door. It is so often 
found that these become slack in the opening that it is thought this is due to creeping, the door drawing 
in with continued tightening owing to its shape. Such doors might with advantage be made stiffer, 


Mr. W. H. Fraser. 


I wish to thank Mr. Ewing for his interesting paper expressing his views on the various defects he 
has encountered whilst examining boilers, and the remedies he has suggested. 

Unusual defects are encountered on occasions, but, in the main, the troubles are very much the same 
old routine affairs. Inaccessability for easy cleaning is the real cause of many of these defects and, for 
the sake of a small increase in heating surface, boilers are sometimes almost doomed from the start. 

_Slack seats, especially in main and auxiliary stop valve chests, might have been included in the 
section on mountings. It has been noticed frequently that, if the face is good, the fit of the seat has 
been taken for granted as being good, even when the seat is quite slack in the chest. 

A very minor item, but one which has been the cause of many bitter words, is the shut-off cock to 
the steam gauge. The burned fingers obtained when fitting the surveyor’s gauge cause many a “charge 
hand” to remember that the best time to see if the cock is steam tight is not when the safety valves are 
being adjusted. 

The author’s remarks on furnace repairs appear to cover the question generally. 

On occasions, especially in some foreign ports where new furnaces are not obtainable on the spot or 
without considerable delay, there is no alternative to jacking in order to allow the ship to proceed to a 
more convenient port, and I admit that many furnaces have been successfully pushed up and remained 
up. But the author has summed up the case when he says the only really satisfactory job for a furnace, 
which is distorted sufficiently to be dealt with, is renewal. While on this point I should like to enquire 
what benefit is derived from heating a boiler with hot water, or the other means mentioned, before jacking 
upafurnace? Isa temperature of 200° F. sufficient to make any real difference in the nature of the material ? 

any people regard this warming up as a fad and concentrate on applying the pressure with care. 

In reference to pitting, Mr. Ewing mentions “badly arranged feed inlets” causing corrosion on the 
“boiler shell.” Some firms had a practice of placing the check valves low down on the back end plate, 
about the level of the wing furnace crown, and having a short “flower pot with a slot” for the internal 
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pipe, In nearly every case this has resulted in wholesale cropping of back and wrapper plates of the 
combustion chambers. Check valves in this position, unless fitted with adequate internal pipes, should 
be viewed with suspicion. 

Has the author any reason for preferring to crop a plate through the line of stays? Personally I 
prefer to cut through the solid plate to get a continuous weld and also to avoid the trouble of tapping 
out and driving screwed stays on the line of weld. 

Water tube boilers appear to have been left to look after themselves. Perhaps Mr. Ewing will 
include a few remarks on their troubles in his reply to the discussion. 


Mr. L. Peskert. 


One thing I noticed in this very instructive and interesting paper was that no mention was made 
regarding a hydraulic test when repairs had been completed, in order to give some guarantee of the 
workmanship done. There seems to be a variance of opinion whether the test after repairs should be 
done with water or steam, the hydraulic method being too severe on the old caulking, previously satis- 
factory, especially in the case of old boilers. I should like to have the writer’s opinion on this. 

The question of how much a furnace should be down before being dealt with will always be a vexed 
one, and in many cases the superintendent engineer is in a better position than the surveyor, the former 
having more knowledge of the history of the furnace in question. I have the results of four test 
pieces taken from four furnaces which were about 16 years old which might prove of interest, and are as 
follows :— 

(1) 26°71 tons per square inch. 4 per cent. on 8 ins. Granula. 


(2) 2699 ~~, . pan fy rs Silky. 
(3) 28°58 ” ” 17°5 ” ” ” 
(4) 30°24 ve a TED ais. pe 


” 

From outside appearances these furnaces showed little or nothing wrong with them, only having two or 
three small fractures which had been welded up. It will be observed that while there was little 
variation in tensile strength from when the plate was new (26 to 30 tons), the elongation has somewhat 
diminished. If the jacking up of a furnace were done before the limiting difference of 2} ins. say, 
with difference of 1 in. the possibilities of the furnace distorting again would be greatly lessened. In 
a corrugated furnace I think the better method of ripping before jacking would be circumferential, as I 
am of the opinion that by doing so longitudinally the desired effect of efficient repair would not be 
attained owing to the concertina action of the furnace under working conditions. The cutting out of a 
pocket in a furnace, inserting a new piece of plate and butt welding, requires the skill of a very well 
trained electric welder. I have found that a very satisfactory method of finding defective tubes is by 
hammering them inside the boilers a few inches from the back tube plate end. Personally, I think it is 
much easier to find a broken screw stay by observation, or testing with a feeler inside the boiler, than by 
hammering the stay nuts inside the combustion chamber. It generally happens that the stay is found to 
be broken at the end adjacent to the shell, therefore making it difficult to detect from inside the 
combustion chamber. 

It is questionable whether a buckle in a combustion chamber back plate tends to increase rather 
than reduce the ability of the plate to resist internal pressure. If the buckle was arched into the water 
space, this would be the case. I think buckled combustion chamber backs should be cropped and part 
renewed when a series of fractures have been made owing to the buckling, or if the plate is showing signs 
of being burnt, and that the cropping should be done from flange to flange and not cut out in way of 
bulge or bulges, leaving the flanges of combustion chamber back plates in place. I have always found 
that veeing out a groove and electrically welding, a satisfactory repair. If it is possible to pick out the 
welding at a subsequent survey, it rather tends to show that the weld was not efficiently made, than the 
nature of the repair was wrong. Corroded screwed stay necks are most commonly found at bottom of 
combustion chamber back plates where the circulation of water is weakest. 

Regarding the welding, I was very interested in the experiments made. The results of test Nos. 2 
and 8 are surprising, as I was of the opinion that the gas flame would have a carbonising and oxidising 
effect on the steel in way of the cut which would have been detrimental to the weld. The high tensile 
results obtained from these pieces, as in other tests made with the undressed weld, is probably due to the 
greater area of the deposited metal than when the weld was dressed. The contraction found in 
experiment weld “ B” proved interesting. In my opinion, the contraction depends upon the length and 
thickness of weld. Take for example a combustion chamber back plate about 3 ft. 6 ins. in width. It 
generally occurs that if the weld was made from one end and continued to the other, the plate would be 
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found to be closed before reaching it, even if the opening had been 4°, in. wide. This, in actual practice, 
is rectified by not welding right across at first, but by tack welding the veed groove at the ends and 
centre. Welding can never be as good as the original plate on account of its porosity, as it is 
impossible in many cases to hammer up the welding on the water side. Again, electric welding is more 
in the nature of a casting than of the steel in a rolled plate. I am of opinion, like the writer, that very 
satisfactory repairs can be carried out with electric welding, but a great deal depends on the man and 
the electrode used; also it has to a great extent lessened the worries of the surveyor by simplifying 
boiler repairs, which, by the old method, would have been more or less complicated. 


Mr. G. PICKERING. 


Under the heading of “ External Examination,” Mr. Ewing states that the outside of the boiler is not 
usually subject to serious corrosion, except in way of leakage, etc. I should like to point out that in 
small vessels such as tugs, hoppers, and some yachts where the boilers are placed as low as possible in the 
ship, very serious corrosion often takes place at the bottom externally, owing to vapour from the bilges . 
rej the splashing up of bilge water, and I know of a case where a tug-boiler bottom had to be renewed 
in less than three years. Many of these boiler bottoms are inaccessible for external examination, and the 
space internally at the bottom is somewhat restricted. A satisfactory hydraulic test cannot always be 
taken as an indication that the shell or any other part is in safe working condition, and these boilers 
should be lifted or jacked up every few years, or when considered necessary by the surveyor, so that a 
proper external examination can be made. This is the practice of the boiler insurance companies. 

Again, the condition of the lagging cannot be relied upon as a good guide in the direction of 
leakage and wastage of a boiler shell, and cases aE occur where considerable shell repairs are 
found to be necessary after removing the lagging. If it were possible always to detect leakage under 
lagging, steps would be taken to stop it and so prevent extensive repairs later. Vertical boilers give the 
most trouble in this respect, and at least one leading boiler insurance company insists upon the 
permanent removal of the lagging at all seams, and around compensating rings and mountings of 
vertical boilers, in spite of the fact that their inspectors see the boilers externally every three months. 

It is very important to have the lagging removed from the longitudinal seams of old water-tube 
boilers, the steam drums of which are lap-jointed, say, every two or three years. These laps should be 
examined for leakage, grooving, heavy and repeated caulking from which serious grooving commences 
and rapidly spreads. 1 do not know whether there are many of these lap-jointed water-tube boilers at 
sea now, but they are still very common on land, and call for careful attention at the parts mentioned. 

It is disappointing to find no mention in the paper of defects and repairs to water-tube boilers. 
There is a large number of these boilers in service, and with the adoption of higher steam pressures and 
the call for economy in other directions, it is likely that many more will be used in certain classes of 
vessel, and the subject is of sufficient importance to be included in a paper of this title. 

In speaking of fractured combustion chamber stays, Mr. Ewing states that a wasted stay seldom 
fractures. I believe it is generally true that if the wastage takes the form of open V grooving, then it 
is seldom that a stay breaks. If, however, the wastage is of the sharp V kind of grooving, this readily 
extends into the metal, often resulting in fracture when the apparent grooving is not very deep. The 
author’s suggestion to taper the stays when renewing, is, in my opinion, a sound one. 

With regard to the ripping of a distorted furnace crown and the subsequent welding after jacking 
up, I should like to know if this can be relied upon generally. I have only had experience of three such 
jobs, and in each case the crown came down again. Can the author tell us if many of these repairs are 
done, and if the weld stands up to the intense heat satisfactorily ? In the cases I mentioned the welds 
were quite sound. 

Welding in “backends” frequently develops cracks. Some of these are due, no doubt, to bad 
workmanship, and others are due to lack of ductility of the weld as shown by the results of the very 
interesting experiments given in the paper. Given good workmanship, does the author think there is 
any advantage in running a weld zig-zag, or in any other unusual fashion to avoid fractures at the weld ? 


Mr. J. Harpottue. 


Mr. Ewing has given us a paper on a most interesting subject and while generally in agreement with 
his paper, 1 would like to point out that fatigue is not always the cause of broken screw stays. I have found 
new stays (that is, after the vessel has gone one voyage) nicked and broken ; (1st), close in to the end plate 
of the boiler; (2nd), one third the distance along between the end plate and combustion chamber back 


10 


plate ; and (3rd), even after removing part of the row found the stays cracked within the tapped hole of 
the end plate, in some cases two or three threads in. A certain firm on the N.E. coast had, and may still 
have, samples of such stays taken out of a boiler. The damage was caused by the stays being screwed 
by a machine with no leading thread and with blunt dies which squeezed a thread on the material, and 
incidentally caused fracture at the bottom of some of the threads. When the stays were renewed by 
stays which had properly cut threads, and turned out by a machine with a leading screw, no further 
trouble occurred. If a machine has a leading thread, stays are seldom out of pitch. The stays after 
screwing should often be tested for pitch by placing the long tap alongside and in the threads of the 
stay, as a pitch gauge is too short to show any great error in the full length of the stay. If the threads 
show to be out of pitch with the tap, the machine should be put in order. A blunt die has much the 
same result as a blacksmith obtains by nicking a bar so as to break it. 

Mr. Ewing quite appreciates the amount of contraction in welding, and his tabulated results are 
very useful, so that he will know it is good practice in welding plates together which are bound at their 
other edges (such as combustion chamber back plates) to use tack welding at distances of about six 
inches apart and weld between afterwards; the tacking pieces act as struts, otherwise, say in a long 
weld, each welded portion when cooling would contract and draw the plate. Welding without the 
tacking pieces caused many welds to crack when tested with a hammer, but by tack welding this trouble 
is now avoided. 

Mr. C. H. L. Prien. 


I have read with much interest Mr. Ewing’s paper, which he suggests might be construed as 
“ carrying coals to Newcastle,” and I have no compunction in belabouring the oft repeated suggestion 
that our young fraternity of surveyors will do well seriously to consider and study each ‘Coal,’ 7.¢., each 
subject mentioned in this valuable paper. At the same time it will do the older hands no harm to digest 
same, as there is much which will at least refresh us, to say nothing of finding something we hadn’t seen 
before. I thank Mr. Ewing for his remarks on quite the most important survey on the whole outfit of 
a steam ship, evidenced by the fact that after six years L.R. Rules require an annual survey, a demand 
not made on any other part of the vessel. 

The chief points in making new boilers are, well fitting plates, fair rivet holes with all rags removed, 
rivets of correct size and properly set up. The annealing of flanged plates and their subsequent cooling is 
most important ; a hot plate drawn from the furnace into a cold draught is sure to be disastrous, and I 
know of a case where a plate so treated (not on purpose of course) split almost from side to side. 

At annual surveys, the boiler should be treated as an unknown case. whether the boiler or owners 
are known or not, as one never knows what has happened during the past 12 months. In the best of 
cara a surveyor often finds defects which the superintendent and chief engineer are often surprised to 

ear exist. 

Boiler Mountings. The most important of all, to my mind, are the water gauge cocks. Twisted 
cocks are very common and should have special attention, as they may mean, not only burnt boilers, but 
serious danger to life and limb which is of the first importance. 

Grooving. ‘This is a very serious and fairly modern trouble. The theoretical factor of safety of 
boilers ranges between five and seven but practically I am convinced it is very much more for very 
many and good reasons. In one ship of which I was chief engineer during the war, the boiler W.P. was 
250 Ibs. per square inch, and certain plates originally {in. thick were found (after my special request for 
a survey) to be only ;°, in. at best, down to } in. at worst. Surely the factor of safety of this part of 
the boiler was very much above seven. This state of affairs was discovered within two months of 
joining the vessel, and I feel sure there would have been a serious disaster in a short time, similar to 
others due to the same cause, but which never appeared in the press for public consumption 

The treatment of deformed furnaces. The ‘ vexed question” as Mr. Ewing says, is purely a decision 
arrived at after long experience, not to be bought or read, and each case must be treated on its merits. 
A furnace which is not dangerously down, and may have been set up a time or two, is much better left 
alone, as continual setting up does more harm than good, but it is up to the surveyor to say so. 

At all boiler surveys, it isa wise plan to get into the dirtiest corners first, i.e., under the boilers ; ir 
their bottoms and furnaces (amongst the soot), not a very choice job, but in 99 times in every 100, troubles 
are found in these places. The C.C. backs and bottoms always require a hammer“ tap.” The bottom man- 
hole doors must never be missed, and be always tried in place without joints, and 75% of them, or man- 
hole faces, or both, will be found to require repairs. 

Tube plates seldom give trouble, fire cracks at rivet holes in saddlesare easily dealt with by a good 
welder, 
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I never found sounding stays with a hammer to be a useful test, a broken stay is usually easily seen, 
I have sounded broken stays standing ,%, in. away from the plate, and good solid ones, and noticed no 
difference either by hearing or feeling. 

C.G. bottoms should never be doubled, if bad, cut out and renew them. 

Welding. A man who has a liking and takes a really serious interest in this business will make a 
good welder, whatever his previous trade may have been, but the trouble with the best of them (no doubt 
done in ignorance and with the best of intentions) is to try to give something extra and make a show, i.e. 
putting huge pads of metal on to furnaces and fire plates, generally where it is neither required or desired. 
One special case I have in mind of a mail boat with a burnt boiler, and in which the tops of the back 
tube plates, ©.C. back and wrapper plates were cut off down tothe fourth row of tubesand renewed. The 
welder did exactly what he was told to do and no more, making the plates at welds about ,'5 in. thicker than 
the plates, The vessel has made many trips since, and the chief engineer reports the boiler to be in 
first class condition. ‘ i 

Shell Corrosion. I fully concur in all Mr. Ewing says. Donkey boilers out of use should be pumped 
full up “to W.W.” or the naval practice. The superintendent’s objection is that it ‘‘shuts out cargo.” 
The donkey boiler placed on deck in the fidley fairly asks for trouble due to neglect, especially in the hot 
weather, as the human being cannot be expected to “stick it” to do the necessary. f 

Tubes. Shipowners will generally attend to them without awaiting the surveyor’s recommendations, 
as having to slow down three or four times on the voyage for hours at a time to stop or renew tubes, 
and thus causing serious delay will soon tell its tale on the voyage’s profits. 


Mr. C. Hastre. 


The concluding paragraphs to the Foreword of Mr. Ewing’s able paper on “ Boiler Surveys and 
Repairs” are very thoughtful reminders of excellent merit, applying equally in all branches of the 
Society’s surveying activities. When carrying out a survey it should always be remembered that we are 
dealing with the property and exclusive rights of others. ‘ 

The cylindrical return tube-boiler to which the author’s discourse is strictly limited, has proved, 
since its inception, a most excellent and trustworthy unit for the generation of steam on shipboard, and 
by present indications it will apparently remain an outstanding feature in certain services for many 
years to come. 

That stays screwed in a screwing machine instead of being struck up in a lathe are to be somewhat 
discounted is, I believe, hardly right. The precision machinery we have to-day such as turret lathes 
(screwing machines) for effecting work of this special character was designed primarily to eliminate 
the very factor in question. Correct proportion of thread, the obviating of vibration during machining, 
spring, lathe-bed irregularities and minimising of the ever present element of human error, were the 
potent factors responsible for their development. 

In regard to the maximum allowable deflection of furnace crowns many will agree with the author 
that each case should be considered on its own merits, for where age is slight it has been found on 
examination of the material in special cases that no thinning or serious change in structure had taken 
place, even where the bulge had reached to within a few inches of the fire bars. Age, actual condition 
and material are conceded as being most important. 

An odd case of collapsed furnace crowns after primary treatment which came under my notice 
several years ago was due to staying which reverted to the construction period in the boiler shop. This 
refers to the lower longitudinal through stays in double and single-ended boilers when anchored at the 
combustion chamber furnace plates. During the erecting and setting up of boxes in the boilers it was 
known that line up and adjustment with straight edge was made by aid of the stays, a few extra turns 
being put on the nuts; this was quite in order as subsequent adjustment was made, 

This adjustment of the stays proved to be the factor causing the setting down of the furnace crowns, 
for when the stays were sawn through a decided longitudinal movement took place accompanied with a 
loud report. The stays were entirely removed and no more trouble was experienced. 

At times the strengthening afforded to plates by flanging, and the added indirect staying by the 
attachments of the lower complements are sometimes overlooked in design, resulting in the intercepting 
of flat surfaces by certain stays, which do more harm than good. 

The cropping and welding-in of new plates to combustion chamber backs is now common practice, 
but careful procedure is needed, and where the back stays take the line of welding extra support is 
secured, also means are afforded of observing the character of the weld. 
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The slight bulging of combustion chamber back plates is of no serious concern if the plates at the 
stays, also the stays, are found in order and the water side maintained clean. In some instances the 
bulging may be attributable to the stay nuts on fire side. In my opinion combustion chambers designed 
and constructed free of stay nuts, the stays being a trifle larger than the design limit, fitted tightly, 
well riveted and drilled centrally at each end, constitute a more practical engineering job, and positively 
give longer life and minimum trouble. 

The reference to badly arranged feed inlets and leaking internal feed-piping is worthy of note, the 
latter very often being a cause of priming. 

I do not agree with the statement that material which has been subjected to flanging in the case of 
end plates and furnace flanges is more liable to grooving, since we always find the defects in the lower 
structures of the boiler, and never or at least very seldom in the top portion. The theory which has 
been advanced in regard to the grooving or cracking at the radius of flanged elements, is, that such 
radiusing sets up strains which in time cause fatigue preceding grooving, but this is seen to be entirely 
erroneous because, if due to straining and fatigue, the cracks would be found on the outside radius of the 
material as the disturbance there would be greatest. In brief, steel contains impurities which in the 
case of manganese sulphide and oxide of iron inclusions, etc., can be acted upon by hydrogen ; further, 
it is almost without exception that the parts of a boiler which do suffer are generally the lower and least 
accessible parts, and it is well to bear in mind that water improperly treated or all boiler water treated 
excessively with certain types of boiler compound will cause such parts to absorb hydrogen. 


No survey has greater importance than that of steam boilers as recourse to the Records of Govern- 
ment will show. 


Mr. W. Krper. 


Whilst the author mentions that severe criticisms will enhance the value of the paper to the younger 
members of the Staff,and later under thé heading of ‘‘ Furnaces ”’ calls for the criticisms of our senior and 
widely experienced colleagues, I am sure he will not take it amiss if one of his younger colleagues 
ventures a few remarks, made, I trust, in the same spirit as he so ably sets out under the heading 
“ Foreword.” 

Under “ Furnaces” the author goes to some length to explain, with reservations, how much in inches 
a furnace may be out of round measured axially. In my opinion, a sight along a furnace is all that is 
required to determine whether it requires dealing with or not, and although I have recommended, at 
different times, furnaces to be jacked back into position, I am sure I could not give the amount of distortion 
in inches of any that have come under my jurisdiction. However, I feel sure that any furnace that 
shows a difference of 24 ins. by gauge cannot be free from kinks and/or flats and should be dealt with 
immediately. 

Jacking up a furnace is unquestionably like trying to lose a cat in effect, since, unless you make 
some attempt to ensure its comfort in its changed surroundings it will do its best to come back. 
Destroying it and getting a new one is one way, but, as the author remarks, it is not always feasible 
without delay to the vessel. 

Furnaces vary so much in size and design, and their fit in the end plates is of paramount importance 
for a good job, therefore, their renewal must, in nearly all cases, be accompanied by a reasonable period 
of notice. In the meantime, it frequently does pay to jack the furnace back into position, adopting the 
method of releasing the furnace mouth before doing so, but naturally this depends upon the nature of 
the deformation. 

The utilisation of the combustion chamber as a sort of confessional box is indeed a novel idea and 
gives mea clue as to why donkey boilers are still fitted upon some motorships where their only other 
doubtful use is for fire extinguishing purposes. In case of fire, give 30 minutes notice for steam ! 

Mr. Ewing has certainly earned our thanks by giving us a very interesting paper. After reading, 
it can be better understood why one so frequently hears marine engineers with experience of both steam 
and motor driven vessels stating that they have no intention of serving in a steamer again, provided they 
can get a motorship. 


Mr. A. Warr. 
The paper covers very thoroughly the duties of surveyors in connection with the survey during 
construction of new boilers, and deals carefully with the “ills that old boilers are heir to.” Mr. Ewing 
deserves our hearty thanks for the careful and painstaking way he has prepared his excellent paper. 
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Under “ Shell Corrosion,” page 8, reference might have been made to old donkey boilers with lapped 
longitudinal seams. In these boilers the shell on the water side is often found badly wasted at the seam, 
as shown in attached sketch. It is advisable in such cases to drill and gauge the shell plating. 

The trouble of course is caused by oxidation and flaking off under the varying conditions of pressure 
in the boiler. 

In connection with “ Stays,” page 8, the recommendation in Clause 2 is especially useful in the case 
of the screw stays in the top and bottom rows of wing combustion chambers next the shell. These are 
usually the first stays to break, due to the bending stresses at these points, and the small extra cost for 
machining these screw stays would be money well spent by the owners. 

The author has given us some interesting results of tests of welded plates. He does not definitely 
state that the welding is “ Electric Welding,” but it is concluded that this is so. It would be interesting 
if the author would state (1) What system of electric welding was used in welding each test piece? 
(2) Were coated or bare electrodes used? (3) What was the diameter of the electrode, the voltage 
poate arc when welding, and the amperage density, i.c., amperes per square inch of electrode area 
in each case. 

To obtain good fusion between steel plates and the deposited metal, the first layer should be made 
with an electrode of not more than } in. diameter, the voltage across the arc (i.e., when welding) should 
be from 15 to 40 volts—the lower the voltage the better, and the amperage for the first layer (with a 
+ in..diameter electrode) should be not less than 100, for thin plates say, 4 in., and 120 to 150 for 3 in. 
to 1 in. or over, giving a density of 8,160 amps. per sq. in. for 100 amps. up to 12,000 amps. per sq. in. 
for 150 amps. when using an electrode } in. diameter. After the first layer is deposited, a larger diameter 
electrode may be used and the amperage density may be lowered to about 7,000 with good results. This 
is more economical when the area of welding is large. 

The author does not make any reference to oxy-acetylene welding though I am sure he has had 
extensive experience with this class of autogenous welding when in Japan, and I think he will agree that 
very satisfactory results can be obtained with oxy-acetylene welding on combustion chambers and 
furnaces. 

Some boiler makers use “ Spencer” plates for combustion chamber wrappers, but at least two firms 
of boiler makers in Japan have for a number of years built up the combustion chamber wrapper plates 
by oxy-acetylene gas welding or electric welding, thus dispensing with riveted seams. Many of the 
boilers with these welded plates have come under my survey and I have always found the welds in splendid 
condition both on the fire side and on the water side. 

The author says truly ‘‘ Welding has come to stay.” When properly used autogenous welding is of 
great assistance to the shipbuilder, boiler maker, and engine builder, both for new construction and 
repairs. 


Mr. F. B. Smita. 


As the author remarks it is hoped that the question “how much maya furnace be down before it 
is required to be dealt with,” will bring forth the opinions of many of our colleagues. I, for one, cannot 
agree with the statement that a furnace under the best of condition which shows a difference of 24 ins. 
between its short and long axis need not be considered dangerous. With such a difference the arch to 
some extent is destroyed, and any slight overheating of the plate would cause the furnace to come down 
beyond repair. This especially applies to cases where forced draught is used, and the fires are 
consequently often very patchy. 

I think it is a safe rule to recommend that a furnace which shows a difference as much as 13 in. 
be jacked back into porate even though all conditions are considered to be of the best. It would be 
interesting to know how a surveyor is going to determine whether the conditions under which a boiler 
is being worked are normal or not. A case which comes to my mind whilst writing this was of a furnace 
which collapsed under banked fires, the vessel just completing loading at a home port. The boiler was 
fitted with four furnaces, and it was one of the low furnaces which came down. On examination 
afterwards neither shortness of water, scale nor oil could be blamed for this occurrence. 

The previous record of gaugings for this furnace showed a difference of 13 in. It could easily have 
been more, as the gauging of furnaces is often done in a very haphazard manner, being usually entrusted 
to a junior who is only too anxious to get this unpleasant task over as quickly as possible. A quarter of 
an inch more or less does not worry him, especially if he has a copy of the previous gaugings by him. 
Opinion formed at the time as to why the furnace referred to came down was that the plate became 
slightly overheated, and being out of round, as the gaugings showed, collapsed as already stated. Had 
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it not been distorted to the extent noted above its failure would have probably been averted. No, 
Mr. Ewing, not 24 ins. under the best of conditions. 


It is noted that three methods are referred to with regard to heating before, or when, setting up 
furnaces, but opinion is not expressed as to their merits or demerits. Partly filling the boiler with water 
and heating same, which is stated to be the most common, is, I am convinced, the one and only practical 
method. The use of gas and charcoal fires is to be greatly depreciated. Why not use the oxy-acetylene 
torch and heat the plate where required ? 


The same result and damage would be attained in less time. I have only once seen a charcoal fire 
used when setting up a furnace. The charcoal fire, 1 may add, is supplied with a bellows and blown up 
like a hand forge, great heat being attained in this manner. In the case referred to the furnace plate 
for a small area had been locally heated until it was a cherry red, then it was proposed to jack the 
furnace back into position. This is undoubtedly bad practice and should not be permitted. Surveyors 
are always safe in recommending that any heating of the furnace plate should only be obtained by means 
of partly filling the boiler with water and warming this up. I have yet to see the furnace, fit to jack 
back into position, which will not yield to this treatment. 


To use the inside of a combustion chamber as a place to obtain confidential hints from the chief 
engineer is a novel idea to me. Owing to the confined space it is thought that the surveyor would be 
able to make a more thorough inspection and in less time, if he made a point of going into the furnace 
and combustion chamber unaccompanied. 


The remarks on welding at the end of the paper, and particulars of tests carried out, are most 
interesting and instructive and fitting climax to a paper for which the author deserves our very best 
thanks. 


REPLY BY THE AUTHOR. 


To reply fully and individually to all who have contributed to this discussion would entail useless 
repetition, for, as might be expected different members have raised similar points. In such cases 
collective replies are made, 

The cleaning of water gauge cocks and pipes, and the overhaul of these fittings are matter of impor- 
tance to which various members have called attention. The fit of manhole doors and drain plugs, and 
the corrosion of the shell in way of these parts was not mentioned in the paper, but has been well brought 
out in the discussion. 

My criticism of stays screwed in screwing machines has been questioned, and it is contended that die- 
cut threads are better formed than those cut on the lathe, Undoubtedly sharp dies do give a better 
formed thread than a single lathe tool gives, and the precision screwing machine with a leading screw is 
really a high class lathe, but blunt or slack dies in a machine with no leading screw will cut very unre- 
liable threads. as well as damage the material at the root of the threads as described in Mr. Harbottle’s 
contribution. 

The harm done by crowding the tubes too close to the furnaces, has been well brought out in the 
discussion, and Mr. Townend’s remarks on this point could be profitably studied by boiler designers, 

Mr. Dorey asks for further information regarding constituents of acreolic acid, referred to in con- 
nection with the corrosion of stay necks. 

Acreolic acid CH, : CH,COOH is the characteristic acid of animal fats. Iam assured that the re- 
actions of this acid on steel are almost a subject for a paper and the chemical equations are beyond me, 
but the point that concerns us is that the reaction of the acid on steel gives rise to CO, and hydrogen 
which carry on the cycle of corrosive reactions. 

His remarks on the insufficiency of the welding tests are verv true. From a scientific point of view 
these tests merely touch the subject, but the aim was to get some idea of characteristics of various welds 
made under practical conditions. 

Mr. Horne asks my opinion of various systems of combating corrosion. The best method of all is 
to use fresh water, guard against acidity, and exclude air. 

I have seen good results from various patent systems, but if boilers have had good care from the 
beginning, they should not require the said systems. 

Boilers which were in a dreadful state of corrosion have been restored to a healthy state by filling 
them with strong solution of soda and lime (about 5 cwts. per boiler) and boiling them for 48 hours with 
the safety valves eased. Of course, they could not be steamed under such conditions. 


16 


Regarding cropping, instead of welding up grooves, we sometimes have no choice and must put our 
ideals aside, but if grooves are welded the V should be wide and the weld washed away at the sides in- 
stead of being a narrow ridge standing proud on the line of fatigue. 

The repair described is unusual but sound. The more common method is to fit a strip of plate in 
the inner radius to form a backing for the weld. 


Hither the backing strip or the bar as described by Mr. Horne have an additional advantage in pre- 
senting a rolled surface instead of porous welding to resist corrosive action. 


Regarding the prevention of grooving by forming flanges with a greater radius, I think 
Mr. Collinson is right. The smaller the radius the greater the disturbance of the structure of the metal 
brought into compression in the flanging process and also the more concentrated the hingeing action. 


The question of cropping combustion chamber plates in a position to be clear of bending stress is of 
course an impossibility, so my statement does need some qualification. All parts of a combustion chamber 
back are subject to bending stress, but the stress in the flat plate supported by stays is produced chiefly 
hy the internal pressure, and being uniform does not tend to fatigue. The flanges on the other hand are 
subject to variable and incalculable stresses due to racking, and the aim should be to keep welds clear of 
alternating or panting stresses. 


I cannot agree with Mr. Beveridge, that landing cracks are most common in oil-fired boilers. In 
fact, the regularity of the oil fire (although it may give higher temperature on the combustion chamber 
lates) eliminates the racking of landings caused by opening the furnace doors for firing and fire cleaning. 
a iy ales the worst conditions for producing landing cracks are with heavy clinkering coal and forced 
‘aught. 

“Revarting electric welding of pitting along the fire bar line, this is often done with satisfactory 
results ; but in the majority of cases the results would have been just as satisfactory if the pitting action 
had ee arrested and the old scars left. It is chiefly the appearance and not the strength that has been 
improved. 

. Regarding the corrosion at the bottom of groove, I should have said “it is usually ‘alive,’ and not 
“active.” 

As Mr. Beveridge points out, and, as stated in the next sentence in the paper, it is the protecting 
covering of scale that renders the corrosion dormant. 

Regarding the renewal of stays in rows, it is my experience that broken stays in a row indicate that 
other stays in the vicinity are likely to be fatigued also, and, it is the practice in the better class of ships 
to renew more stays than those condemned by the surveyor. 

Mr. Hunter raises a good point which has not been made sufficiently clear in the paper regarding 
the cut to release the stresses in a collapsed furnace. 

He is quite correct in saying that it appears to be a case of cutting to release stresses, and then 
welding, and again bringing the plate into stress, but the cut is put in to get rid of compressive stress in 
the longitudinal direction, and the weld introduces a ¢ensile stress in that line. 

The stresses set up in a furnace by the contraction of welds need not alarm us. If a patch is welded 
into a furnace crown, the contraction of weld on the longitudinal line will give a contraction in the 
circumferential direction which results in a slight reduction in diameter in way of the patch, while the 
stresses remaining in the longitudinal direction due to circumferential welds are rather an advantage. 
The furnace being the hottest part of the boiler expands, and being bound in the structure, is brought 
into longitudinal compression. If an initial tensile stress is present, it will tend to neutralise part of the 
compressive stress due to expansion of the furnace. I would even go so far as to advocate fitting 
furnaces in new boilers a trifle short, so as to bring the whole furnace into a state of initial tension, 
thereby requiring a greater degree of “overheat” before the furnace would be placed in a state of 
compression. 

The effect of end binding or compression on furnaces is well exemplified in Mr. Hastie’s remarks. 
The remaining parts of Mr. Hunter’s criticism have been dealt with in replies to other members. 

Mr. Gemmell has drawn attention to the very real danger of allowing salt to accumulate in 
combustion chambers. 

This danger is not sufficiently realised, and probably the majority of seagoing engineers haye never 
heard of the explosion of a salt chamber. 

The reference to the fit of manhole doors is a useful reminder. 

Drain plugs are now very little used, but if fitted, should have a head or nut on the inside and a 
square shank on the outer end of the plug. 
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Mr. Vaux gave us the benefit of long experience and emphasized the effect of external heat on the 
shell of an empty boiler. In the paper I referred to “ donkey boilers near the funnel,” but, as Mr. Vaux 
points out, donkey boilers in the stokehold are affected by radiant heat from the main boiler. 

Referring to electric welding he described a case where a crack in a furnace had been welded and re- 
welded without success and as a last resource the crack instead of being roughly eut out in the form of a 
V groove was cut out in the form of a series of figure eights (0 « o) and welded successfully. 

Referring to welding of cracks in end plates Mr. Vaux described the method of building up pads to 
stiffen the plate in way of the welded crack. 

The description of the buckling caused in a patch through allowing one part of the weld to cool off 
and continuing the operation later is very interesting. 

Another point brought out by Mr. Vaux is the necessity for seeing that. shell plates are bent to 
circular form right to the butts. If the part of the plate in way of the butt straps is not bent to true 
form the plate closer in bringing the faying surfaces together puts a heavy strain on the outer strap. 

Mr. Boyle raises the question of the use of cast iron mountings with high pressure steam and the 
necessity for efficient drains. 


I agree that, with the present steam pressures and the large sized inflexible pipes now in use, cast 
iron is not @ suitable material for the larger mountings. 

Drain cocks are frequently inadequate and badly arranged. Drain pipes should be led to an open tank 
in the stokehold, so that the man who is draining the pipes can hear when the water is clear. 1 have 
seen one fatal accident through the drains being led to the hotwell in the engine room. 

The recommendation that, when fitting a new furnace, as much caulking as possible should be done 
on the new plate, thus saving work on the old landing, is very sound. 

The thickening up on the fire side of a bottleneck to anticipate grooving is an unusual precaution 
but would probably be effective. I think a cheaper, and just as effective precaution, would be to coat the 
part (when hot) with white zinc to fill up the surface defects, thereby rendering the neck less liable to 
corrosion. 

I have found less grooving with oil fires than with coal. 

I agree with Mr. Campbell that grooving is seldom found where furnace apertures are flanged 
outwards. The compression of the material on the inner radius of a flange upsets the structure of the 
material and renders it more subject to corrosion, while the drawing of the outer radius hardens the skin, 
and gives greater resistance to corrosion. 

The binding effect of breast stays undoubtedly plays a part in the deformation of furnaces. One 
case comes to mind, where furnaces refused to stay up. 

The trouble was eventually overcome by fitting three-legged dog stays on the back tube plate and 
staying the end plates in way of the lower manholes by diagonal stays to the shell, instead of through stays. 

The point raised regarding the piercing of the original plate before fitting a temporary doubler on 
the bottom of a combustion chamber is important, if the doubler is to be caulked, but, as a doubler can 
only be accepted as a very temporary measure, it might be bolted on and completely protected by bricks 
and fireclay. I personally hope I shall never be forced to accept a doubler. 

Some of the points raised by Mr. Davis have been dealt with in the earlier part of my replies. 

His comments regarding the electrolytic action accelerating grooving are very tersely put, and I 
must thank him for this amplification of my remarks on the subject which only dealt with the mechanical 
and chemical causes of grooving. y 

The evil of crowding tubes too close to the furnace is not confined to plain furnaces. Designers are 
over-optimistic regarding the flexibility of corrugated furnaces. 

r. Sutherst gives us an interesting sketch of an expander for setting up furnaces. In 1914 I 
designed an aie for the same purpose, but the works being occupied with munition work it was 
never made, It is cheering, however, to learn that the idea was workable. 

Regarding the use of oxy-acetylene for boiler repairs, I have seen it used very successfully. If an 
oxy-acetylene weld is well made it is a perfectly sound job. It appears, however, that the human element 
enters more into the oxy-acetylene welding than into the are-welding. Having tried my hand at both 
systems, I may say that my first attempt with the gas flame was a hopeless failure, while my first attempt 
with the electrode actually resulted in a weld (even though, as a surveyor, I might not have accepted it!). 

: = Townend’s remarks regarding the overcrowding of tubes above furnaces have already been 
referred to. 


Regarding sling stays, the suggestion to design the tube plate to be self supporting, appears to me 
to be the right solution. 
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The utility of sling stays is very doubtful, and in some cases noted, the tube plates were not only 
Sppersing the load on combustion chamber crowns, but also resisting the downward thrust of sling stays 
which had been designed for their support. 

The theory of creep of McNeil manhole doors could only be tested by accurate gauging over a long 
period, while the doors and apertures would require to be well coated to prevent corrosion from render- 
ing the gaugings unreliable. 

I think the majority of slack doors are due to corrosion, but if the McNeil doors creep in the manner 
described, it is a matter for immediate investigation. 

Mr. Fraser’s remarks on valve seats are very true, but, provided a seat is substantially pinned, I 
would not be too insistent on renewal on account of a slight dullness in the ring when sounding. 

The reference to the steam gauge cock is a good one, for it is not only the charge hand’s fingers that 
suffer. Sometimes these cocks are unworkable, and in the attempt to close them to fit the surveyor’s 
gauge, handles have been broken, and the setting of valves has been postponed. 

; soe doubt about a temperature of 200° making any material difference recalls a very practical test 
of the theory. 

My early experience was in a small works in Australia, and we suffered from blistered hands through 
hard labour on the hand power rolls. We found a great difference in the power required to bend plates 
which had been lying in the hot sun, and those which had been in the shade, so I am strongly in favour 
of heating before jacking up furnaces. 

Regarding the position of a crop, with relation to the stays, there is very little in it. The advantage 
of a continuous weld between stays is, in my opinion, not so important as the benefit of inspection of the 
weld in way of the stay holes, and the fact that every stay hole is a safeguard against a crack in the weld 
extending beyond one pitch. 

Mr. Peskett asks for an expression of opinion regarding hydraulic test after repairs. The answer 
yes or no to that question would not cover the ground. 

In the ordinary cases, the hydraulic test should not be regarded as a test of material, but of work- 
manship, and boiler pressure should be sufficient. In the case of extensive repairs, it is in the interest of 
all concerned to apply a hydraulic test before raising steam, and so long as the safety valves do not require 
to be gagged and re-adjusted, this entails no inconvenience. 

On the other hand, if a boiler has been damaged through shortage of water, I regard the hydraulic 
test as a test of materials, and would ask for 50 per cent. over boiler pressure. 

It has been found after a boiler has been so damaged, that batches of stays and tubes which were 
apparently sound, will give out under hydraulic test of very little over working pressure. Thus the only 
means we have of finding what damage has been done to stays and tubes is by hydraulic test. 

The tests taken from old furnaces are interesting, and go to show the necessity for taking age into 
consideration in determining whether a furnace is fit to jack up. 

Regarding the advisability of jacking up a furnace which is only an inch out of round, I think Mr. 
Peskett is right so far as local buckles in comparatively new boilers are concerned, and I have found some 
superintendents willing to have this done, but in the case of old furnaces which have crept down and 
taken a permanent set, it is better to let well alone. 

Regarding the cut in a furnace being made circumferentially, that is the intention, and should have 
been made more clear in the paper, for it is the longitudinal stresses which have to be released. 

Mr. Pickering calls attention to the very serious external corrosion on the bottom of boilers in small 
craft, and advocates the jacking-up of these boilers for examination. 

Comparatively few of us have had experience on small craft and we must thank him for giving us 
his experience on this class of work. As he points out a satisfactory test is not always an indication of 
safe working conditions, for the factor of safety may be dangerously low without giving any indication 
under test. As stated earlier in the replies a hydraulic test cannot be generally regarded as a test of 
materials. I think Mr. Pickering is justified in saying that where boilers cannot be examined in place 
they should be jacked up periodically for sarvey. 

Regarding water tube boilers, as I have already said, that is a subject for another paper, but the 
points raised are very interesting. 

Regarding the fracture of screwed stays, the sharp V groove referred to is in the nature of a fatigue 
defect whereas the wide V or waste formed is more due to corrosion. 

Regarding the line of welding, I do not think in the majority of cases that zig-zag welding is any 
great advantage. The weld, however, described by Mr. Vaux, which stood after repeated failures to 
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repair a furnace crack appears to me to be a very sound idea, probably more effective than my suggestion 
to cut a wide V and taper down gradually from the weld to the plate thickness. 

Mr. Harbottle has pointed out that stays may fail through other causes than fatigue. His description 
of the manner in which stays break through being galled in the screwing operation is interesting. 
Although, as has been contended by another member, the modern screwing machine gives a well formed 
and truly pitched thread, we still find occasionally stays that leave much to be desired, 

Tack welding is now almost invariably done before making a weld of any length, and experienced 
welders seldom have trouble in welding in patches, but, as pointed out by Mr. Harbottle, without the strut 
effect of tack welding the effect of contraction would be cumulative as the welding of a seam progressed. 

Mr. Pilditch has amplified a number of points mentioned in the paper, particularly the reference 
to indifferent annealing. 

The description he gives of a boiler carrying a pressure of 250 lbs. per sq. on 4°; and } in. plate is 
further support to the contention that a boiler may be dangerously near disaster without giving any signs 
under pressure. 

The practice of pumping the donkey boilers full of water, or, as they say in the navy, up to W. W., 
will no doubt assist in the prevention of corrosion, but the question is, will the saving of wastage of the 
plates pay for the carriage of the water and the cargo shut out ? 

A cheaper, and, to my mind, better protection against corrosion, is to fit an intermediate stop valve 
in the donkey boiler line, and to have a drain between the donkey boiler stop and the intermediate valve. 
With this arrangement, any leakage back past the intermediate stop, escapes through the drain instead 
of into the boiler. 

Part of Mr. Hastie’s criticism has been dealt with in the foreword to replies. 

The care of the furnace which had been jacked up and came down again, due to the stays holding 
the furnace in initial compression in the longitudinal direction, is somewhat similar to the case I have 
already quoted in my reply to Mr. Campbell. 

Mr. Hastie has attributed the collapse to the tension put on the stays during the construction of the 
boiler, and that is probably correct, but the first jacking up might have caused an elongation of the 
furnace, which would accentuate the defect, hence my advocacy of the rip in way of the buckle to relieve 
longitudinal stresses before jacking up. In any case, I believe that the compressive stresses brought on to 
furnaces by the lower through stays, breast stays, and the lower tubes are responsible for a great 
proportion of our furnace trouble. 

To advocate riveted in preference to nutted stays will no doubt appear to many to be heresy, but 
Mr. Hastie is in Seattle. 

Pacific Coast coal exudes its gas quickly, and is very heavy clinkering. The fires range between the 
intensity of arc lamps and a slag heap in a very short time. 

I agree that no boilers intended to burn such coal should have nuts in the back ends, and should 
certainly not have forced draught. Messrs. Fox and Jenkins, who have had life-time experience of boiler 
making on the Pacific Coast, will, Iam sure, endorse this. 

Mr. Hastie disagrees with me on the question of flanged plates being more liable to grooving, and 
founds his argument on the fact that grooving is more in evidence in the lower than in the upper parts 
of the boiler. 

We must grant that to be so, but the lower part of the boiler is subject to greater racking on account 
of expansion and contraction of the heating surfaces while the upper parts remain under much more 
uniform stresses and are usually kept cleaner. The contention that, if the flanging strains were responsible, 
the cracks would be found on the outside radius, is not sound argument, for the outer radius is stretched 
while the inner radius is compressed in the flanging. 

The effect of stretching or wiredrawing of steel at red heat is to raise the tensile strength and refine the 
grain while the effect of compression or up-setting is to shorten the grain and render the surface more 
porous. This is borne out by the fact pointed out by Mr. Campbell that we never find grooving on end 
plates flanged outward. Iam quite willing to grant that impurities in the plate and chemical action on 
the water ride play the final part in forming the groove, but the disturbance of the structure of the metal 
in flanging and the racking stresses under working conditions render the inner radius of a flange very 
susceptible to corrosive action. 

I agree with Mr. Kimber that a sight along a furnace is sufficient to determine whether it should be 
jacked up, but in writing a paper we cannot put in our sights and thoughts without the use of figures. 
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Two-and-a-half inches is suggested as about the limit of distortion with safety, but I know one very 
widely experienced superintendent who fights for three inches. When we meet such opposition it is 
better not to discuss the depth of the depression but to object to the shape of it. 

Mr. Watt’s sketch and remarks regarding the corrosion along the edges of lap seams in donkey 
boilers bear out the last sentence on page 7 of the paper. 

Regarding the tests of welding, it should have been stated that the specimens were electrically welded. 

I am not at liberty to state the name of the welding company who made the tests, but the work was 
done by a firm of highest repute. The electrodes used were of the covered type. 

As the intention was to test welds made in accordance with the firm’s usual practice, no records 
were taken of voltage, &c. Regarding oxy-acetylene welding, as Mr. Watt states, I had a good deal of 
experience of repairs made by oxy-acetylene welding in Japan, the results being very satisfactory. 

The Japanese workmen seem to have a gift for gas-welding, and I always had more confidence in 
their oxy-acetylene welding than in their work done by the electric process in which they had less 
experience. 

Mr. Smith advocates jacking up furnaces which have a difference of 1} in. between maximum and 
minimum diameters. In many cases it is desirable to jack up furnaces on account of even less than 
1} in. distortion, but if we make a hard and fast rule that furnaces must be dealt with when 14 in. down, 
we will have to carry straight jackets for superintendents as well as overalls for ourselves. 

The furnace which came down under banked fires is not a unique case. There is a classic instance 
on record where all furnaces came down when banked fires were knocked back within 24 hours after a 
successful trial, and numerous furnaces have come down under similar conditions. 

Banked fires are not of necessity kind to furnaces, for unless the boiler is circulated, the lower parts 
may become much cooler than the upper parts, the line of definite change in temperature being about 
the firebar level. Under these conditions the contraction of the lower parts of the boiler will bring the 
furnace crown into a state of compression. If the fire is suddenly knocked back and steam bubbles 
generated on the plate before the connection currents have started, we have ideal conditions for bringing 
down the furnace. I have not such a horror of local heating as has Mr. Smith, and would prefer to cut 
across a buckle and jack up, after heating the plate to a blue heat. Regarding the question, “ How is a 
surveyor to judge whether the boiler is being worked under normal conditions,” that is for the individual 
surveyor to judge from experience. 

I wish, in conclusion, to thank all who have contributed to this discussion, and by constructive 
criticism uf the matter in the paper, as well as by bringing out points which had been overlooked, have 
so enhanced the joint value of the paper and the discussion. 


DOCKING: STRESSES AND STABILITY. 
By §. T. BRYDEN. 


Reap 14TH NovemBER, 1928. 


“Theoretically, of course, rigidity is the thing, 
Practically, there has to be a little give and take.” 
The Ship that Found Herself—-RUDYARD KIPLING. 


INTRODUCTORY. 


The primary reason which has induced the writer to place this subject before the Staff Association 
is to promote discussion, and, in particular, to afford an opportunity to the outport members of giving the 
Association the benefit of any experience which they may have had in the failure of vessels under 
stress in dry dock. 

In the paper an attempt has been made to determine mathematically the longitudinal and transverse 
stresses to which a vessel is subjected when placed on the blocks of a dry dock, and to compare these 
stresses with those experienced under standard conditions afloat. The methods of determination are 
necessarily based on so many assumptions that the results must be considered primarily of comparative 
value only. 


In the later part of the paper the effect on the vessel’s stability of docking with trim has been 
considered. 
As the object of the whole of the calculations, a cargo vessel of the ordinary three-island type has 
been chosen, having particulars as given below :— 
Principal dimensions: length B.P. 400 ft., moulded breadth 51°5 ft., moulded depth 30 ft., 
moulded load draught 24 ft. 
Erections: poop 50 ft. 8 in., bridge 112 ft., forecastle 38 ft. 8 in., 1 steel deck. 


Weights: Hull—steel, wood and outfit ... npe .-- 2,520 tons. 
Machinery (steam up) ... as x pre ply fit ab. 
Lightweight... ae aca ine cp ale DEB OO eee 
Deadweight pe es ae es ae~ 18,0900. 45 
Load displacement os um Fr «820, 

Centre of gravity (light condition) ... ... 20°4 ft. above base. 


” a Ly : 6°56 ,, abaft amidships. 
es (load condition) + ..- 0°83 ,, forward of amidships. 


The vessel in me load condition is assumed to be laden homogeneously throughout the holds, poop 
and bridge cargo spaces, and with the bunkers full. 


Her general form is shown in Fig. 1. 


2 
PRESSURE ON THE BLOCKS AND LONGITUDINAL STRESSES. 


It is first necessary to determine the intensity of pressure fore and aft on the docking blocks 
supporting the vessel. Some methods of doing this assume the vessel to be perfectly elastic and the keel 
blocks rigid ; others assume the ship to be rigid and the blocks elastic. In the former case the curve of 
pressure on the blocks would be very similar to the weight curve of the ship, with an increase at the ends 
due to the overhang; in the latter, it would be of trapezoidal form as shown in Fig. 1, which represents 
the vessel in the laden condition. 


The figure also shows the curves of bending moment and shearing force obtained by this method, 
which should be compared with those shown in Fig. 4. The maximum bending moment is 451,000 foot 
tons, and the maximum shearing force 426 tons. The corresponding stresses, which may be compared 
with those given for the same condition in Tables I. and II., are : compressive (bridge deck) 1°82 tons per 
sq. in. ; tensile (keel) 2°88 tons per sq. in. ; shearing stress in side plating 0°95 tons per sq. in. 

In the method adopted in this paper, outlined by Herr Pietzker in his “ Festigkeit der Schiffe”, both 
ship and keel blocks are assumed to have elasticity. 


The keel blocks are assumed to be spaced 4 ft. 6 ins. apart, centre to centre, having a length of 4 ft. 
3 ins. and a breadth of 1 ft., their height being 4 ft. above the dock bottom. It has been assumed that 
the blocks are fitted with soft spruce capping, and, the compression of spruce being so much greater than 
that of the elm lower blocks and cast iron foundations, it has been assumed throughout that the com- 
pression is confined to the spruce capping. 


The compressive strength of spruce cap blocks was determined experimentally at the Madison Forest 
Products Laboratory by Lieut.-Commander Gayhart, U.S.N., in connection with an accident in dry dock 
to the U.S.S. “South Carolina” in 1924. His test results are plotted in Fig. 2. 


The method employed in this paper for the determination of the fore and aft pressure on the blocks 
is as follows :— 


The weight curve of the vessel is first drawn, and an assumption is made of the curve of pressure or 
support, this being drawn so as to enclose an area equal to that of the weight curve, and to have its centre 
of area in the same fore and aft position. The corresponding load curve is then drawn, and this curve is 
twice integrated in order to obtain the curves of shearing force and bending moment, respectively. 


Meanwhile, the moment of inertia of the vessel’s transverse section has been calculated at several 
points in her length, and a curve of moments of inertia constructed. A curve of corresponding values of 
LS is next drawn. 

where M = the bending moment at any section 
E = the Modulus of Elasticity (taken at 10,000 tons per sq. in.) 


and I = the moment of inertia at the section. 


This curve is then twice integrated, and a curve of the deflection of the vessel’s keel is thus obtained, 
which corresponds to the distribution of her weight and the assumed distribution of the support of the 
blocks. 


The next assumption is that the spruce capping, being elastic, compresses an amount equal to the 
deflection at any point. From Commander Gayhart’s curve in Fig. 2. it is then ible to determine 
the load which would produce this amount of compression, and the total load on each block may thus be 
determined. As this is assumed to be distributed uniformly by the keel, centre-girder, etc., a curve of 
pressure per foot run is determined. Since the ends of the vessel are free, however, the deflection curve 
is only an indication of the form of the deflection, and not of its exact position, as one only knows the 
lengths of the ordinates above or below the chord joining the two ends points of the curve, but not the 

sition of those end points themselves. The pressure curve, derived as above from the deflection curve, 
1s subject to the same limitations, and the position of its end points is determined by laying it over the 
first assumption of the support curve so that it cuts off the same area and has its centre of area in the 
same fore and aft position. It is usually found to differ considerably in contour from the assumed wrt pov 
curve, and a second assumption is made. A second resultant support curve is obtained, as before, and this 
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somewhat laborious process of trial and error is repeated until a resultant pressure curve is obtained which, 
for all practical purposes, coincides with the assumed support curve. This final distribution of support 
pressure, which takes into account the elasticity of both the hull and supporting blocks, though necessarily 
only approximate on account of its being based on so many assumptions, gives much closer results than 
methods in which either hull or blocks are assumed to be rigid. 


A specimen calculation is given in Appendix I. 


The above method has been applied to the vessel in three conditions, viz. :— 
(a) Light condition, with blocks under the keel only ; 
(6) Laden condition, with blocks under the keel only ; 
(c) Laden condition, with blocks under the keel and bilges. 
In condition (c) the bilge blocks are assumed to be of the same dimensions as those fitted under the 


keel, being spaced 9 ft. apart, and extending for a length of 244 ft., each row being 19 ft. from the centre 
line of the vessel. 


It was found by calculation that in a given length each row of bilge blocks supports about 27 % of 
the vessel’s weight for that length, and the keel blocks 46 %, and the assumed support curve is therefore 
drawn accordingly. 


The curves of weight, support, load, shearing force and bending moment for the three conditions are 
given in Figs. 3, 4* and 5. 
The maximum longitudinal shearing forces and bending moments are compared in Table I. with those 


determined for the same vessel under standard conditions afloat. The position at which these values occur 
is also indicated, expressed as a percentage of the vessel’s length from aft. 


TaBiE I. 
| Maximum BenpING Moment. | MAXimuM SHEARING FORCE. 
ConDITION. =. a ee Sil 
Foot Tons. | ‘/, L from aft. Tons. | °/, L. from aft. 
i “or f Saye 
1. Dry dock, light condition : | | 
Blocks under keel only... -+} 10,600 46 261 50 
2. Dry dock, laden condition : 
Blocks under keel only... me: 17,600 58 326 51 
3. Dry dock, laden condition : 
Blocks under keel and bilges —.... 10,822 29 435 19 
4. Afloat, light condition : 
(a) Still water... ai sae 9,677 28 273 39 
(0) Hogging =r ee es 55,710 58 504 72 
(c) Sagging ete Ree oS 70,656 48 755 33 
5. Afloat, laden condition : 
(a) Still water... ee ae 52,685 87 463 51 
(6) Hogging sibs ue ...| 108,390 44 932 24 
(c) Sagging sae ee sat 67,460 56 630 70 


* = oS - eo 2 : Dee eee ee ee Ee 


* Fig. 4 should be compared with Fig. 1. 
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Table II. gives the maximum stresses corresponding to the above bending moments and shearing 
forces. 


Tasre II. 
Maximum Maximum Maximum 
ConDITION. Tensile Stress on Tensile Stress on Shearing Stress on 
Stringer Plating. Bottom Plating. | Side Plating. 
a Tons per sq. inch. Tons per sq. inch. Tons per sq. inch. 
1. Dry dock, light condition : 
Blocks under keel only... ... —0°56 (bridge deck) | +0°42 0°58 
2. Dry dock, laden condition : | | 
Blocks under keel only... ... —O0°91 (bridge deck) +0°71 0°72 
3. Dry dock, laden condition : 
Blocks under keel and bilges .... + 0°49 (upper deck) — 0°48 1°16 
4, Afloat, light condition : 
(a) Still water... =, «+» +0°46 (upper deck) | —0°45 0°58 
(6) Hogging wee he .» +2°89 (bridge deck) | —2°24 1:18 
(c) Sagging ae ee ... —8°'71 (bridge deck) | +2°81 1°87 
5. Afloat, laden condition : 
(a) Still water... + ss 2°57 (upper deck) —1°50 | 1:03 
(6) Hogging is ae ... +5°66 (bridge deck) —4:25 | PRY 
(c) Sagging aes roe ..» —8°49 (bridge deck) +2°72 1°49 


It will be seen from the above Table that the longitudinal stresses produced in the vessel’s structure 
when in dry dock are by no means serious, even if the vessel be docked fully laden. In general, these 
stresses are by no means so severe as those experienced at sea under the standard conditions considered. 
Purely from the point of view of longitudinal strength, the fitting of a line of blocks under the vessel’s 
bilges is not desirable, as it increases the maximum shearing force, the latter being experienced in way of 
the extremities of the line of bilge blocks. 

In Table III. particulars are given of the distribution of the support given by the blocks, the 
events pressure and maximum pressure per block, and the pressures on the end blocks under the three 
conditions. 


Taste IIT. 
: Light Condition. | Laden Condition. | Laden Condition. 

NATURE OF FORCE OR PRESSURE. Blocks under Blocks under Blocks under 

keel only. keel only. keel & bilges. 
Tons. Tons. Tons. 
Maximum Thrust on bottom of ship, per foot run... 11°6 344 44°8 
Thrust on bottom at after end, per foot run... 43 18-0 15°5 
Thrust on bottom at forward end, per foot run ... 76 28°9 24-0 
Average thrust on bottom, per foot run ... ses 8°6 30°2 | 30°2 
Average pressure per block a 38°5 | 134°7 80°9 
Maximum pressure on any block... 35 a 52°2 154°8 108°0 
Average pressure on blocks, per sq. foot ... “a 9-4 33-0 | 19°7 
Maximum pressure on blocks, per sq. foot ~ 12°8 37°9 26°5 
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It will be seen that the average pressure per square foot of block does not exceed 33 tons, and that 
the maximum pressure per square foot of block does not exceed 38 tons in any of the three cases 
considered. These figures are high, but it is understood that the average docking pressures for vessels 
of the Cunarder type are in the neighbourhood of 34 tons per square foot, so the figures are in no way 
alarming in themselves. In the case of the U.S.S. “South Carolina”, where the keel blocks collapsed 
under the vessel, the average pressure per square foot of block was calculated to be only 15°5 tons, but 
the height of the blocks above the dock bottom was no less than 8 ft. 14 ins, so the failure of the blocks 
in that case can hardly be attributed to weakness of the block material under compression. 


TRANSVERSE STRESSES. 


The next part of the problem considered is that of the transverse stresses coming upon the vessel’s 
structure when placed upon docking blocks. This has been investigated by the application of Alberto 
Castigliano’s “ Principle of Least Work.” Bending moments and the resultant stresses have been 
determined for the various transverse members of the vessel’s structure under the same conditions as 


before, viz, :— 
(a) Light condition with blocks under the keel only ; 
(6) Laden condition with blocks under the keel only ; 
(c) Laden condition with blocks under the keel and bilges. 


It was found that the stresses were particularly severe in the laden condition at any point in the 
vessel’s length where there was no cargo or other weight, ¢.g., in the stokehold forward of the boilers. 


For comparison, transverse stresses have also been determined for two of the most severe conditions 
experienced afloat, viz., hogging and sagging in the laden condition. 
Fig. 6 shows an outline midship section of the vessel and the position of the docking blocks. 
Figs. 7 to 13, inclusive, show the transverse bending moments and tensile stresses to which the 
yessel’s members are subjected in the following conditions : 
Fig. 7. Light condition ; blocks under the keel only ; 
Fig. 8. Laden condition ; blocks under the keel only ; 
Fig, 9. Laden condition ; blocks under the keel and at bilges ; 
Fig. 10. Laden condition, in way of a space clear of cargo, with blocks under the keel only ; 


Fig. 11. Laden condition, in way of a space clear of cargo, with blocks under the keel and 
bilges. (In the latter two cases, the bridge ’tween-decks at the sides of the casings are assumed 


filled with coal). 
Fig. 12. Laden condition, afloat ; sagging ; 
Fig. 18. Laden condition, afloat ; hogging. 
A specimen calculation (corresponding to Fig. 9) is given in Appendix IT. 


In Tables IV. and V. are given the maximum bending moments and tensile stresses, respectively, 
acting on the various parts of the transverse framing under the different conditions. 
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Taste IV. 


Maximum Bending Moments in Foot-Tons. 


. “T'ween- 7 
ConpDITION. ik decks Side 
: * | framing. 


Bottom 


Bilge. framing. 


framing. 


. Dry dock, light : 
Blocks under keel only 


. Dry dock, laden : 
Blocks under keel only 


. Dry dock, laden : 
Blocks under keel and bilges 


. Dry dock, laden, at section where no 
cargo: Blocks under keel only 


. Dry dock, laden, at section where no 
cargo ; Blocks under keel and bilges 
. Afloat, laden : 
Sagging 
. Afloat, laden : 
Hogging 


TABLE V. 
Maximum Stresses in Tons per Sq. Inch. 


*Tween- Side 


; Brid; Upper ; Botto 
CompITIoN, Deck. faa a g. framing. Bilge. framing: 

1. Dry dock, light : 

Blocks under keel only _... Greer sd 2°7 —14 2°1 6 —2°4 
2. Dry dock, laden : 

Blocks under keel only... ree tts! 9°3 —47 15 iat —42 
8. Dry dock, laden : 

Blocks under keel and bilges me hme: 86 —41 —2°8 —2°8 2°9 
4. Dry dock, laden, at section where no, 

cargo : Blocks under keel only...) 7°38 15°0 —75 89 Nil —11°6 
5. Dry dock, laden, at section where no 

cargo: Blocks under keel and bilges} 3°1 9°8 —78 45 Nil —43 
6. Afloat, laden : 

RU eka bine he acc) gt 10°7 —4:0 57 15 49 
7. Afloat, laden : 

Biceeritiggi 2h. dtjiad Band “dadeiy lacie Bek 64 150 | 100 86 44 

u 
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Here, again, it will be seen that the transverse stresses to which the vessel’s structure is subjected, 
when in the light condition, are by no means so severe as those experienced under standard conditions 
afloat. 

In the laden condition, however, with blocks under the keel only, the stresses are severe, more 
especially at those parts of the vessel where the continuity of loading is broken (vide condition 4 in 
Table V.). Here the shearing force acting over the vessel’s sides becomes very great, owing to the 
difference between the great upward thrust on the vessel’s keel, and her comparatively light weight at 
that point. The effect of introducing bilge blocks to give additional support is clearly shown by a 
comparison of Figs. 8 and 10 with Figs. 9 and 11. In the latter the stresses will be found to be much 
reduced. 

In the example taken, the bilge blocks have been placed rather too far outboard. It will be seen, 
on reference to Figs. 8 and 9, that there is a complete change of sign in the stresses sustained by the 
bottom plating, this being due to the weight of cargo between the keel and bilge blocks, which is by no 
means balanced by the weight of the cargo outboard of the bilge blocks. If the latter were placed 
somewhat nearer to the centre line of the vessel, the stresses in the bottom plating could be reduced to a 
minimum. 

In practice, it is almost impossible to have the bilge blocks so accurately adjusted that the vessel 
will take them at the same time as she sits on the keel blocks, with the result that she may sustain severe 
stresses as the water is pumped out, and the bottom deflects until the two bilges rest on the insufficiently 
raised bilge blocks. This danger is minimised by the use of soft wood capping blocks. 

Speaking generally, as the stresses given by Castigliano’s method are usually exaggerated in 
magnitude, those obtained for the laden condition, though severe, are not so great as might have been 
anticipated, particularly when compared with those for the laden hogging condition afloat. For instance, 
in Figs. 8 and 10, the most severe stresses are found at the upper deck at centre, but for stresses of this 
magnitude to be transmitted, it would be necessary for the pillars at the centre line to remain rigid, and 
these would probably deflect, thus much reducing the stress on the deck. 

This raises the question as to whether it is safe to dock a vessel fully laden. From the investigation 
now made it would appear advisable to fit bilge blocks. Cases have arisen where damage has been 
sustained in the case of partly laden vessels, owing to neglect of this precaution. This is particularly 
noticeable at breaks in the continuity of loading, e.y., in way of a cross bunker, where the latter is full, 
and the rest of the ship empty. Here, decks and pillaring have been found buckled. In the case of a 
tanker docking with one tank full for testing purposes, the centre-line bulkhead was found buckled just 
above its foundation angles. In both these cases, the use of soft wood capping and bilge blocks would 
have obviated the damage. The former help to spread the load, thus minimising the harmful effect of 
any absence of uniformity in the vessel’s bottom or her loading. Cases of underwater damage to vessels 
fully or partly laden, have been dealt with in dry dock by only pumping out sufficient water to give 
access to the repairs, su that the vessel’s weight was partly water borne and partly borne by the blocks. 

Before leaving the question of transverse strength, it should not be overlooked that in the case of a 
vessel, supported by a single line of blocks under the keel, the section of the vessel in way of the 
transverse bulkheads would be so stiff as to admit of practically no deflection of the bottom. The 
deflection of the bottom would be a maximum midway between two bulkheads, and would decrease 
gradually as the section considered approached either of the bulkheads. In this way, the stresses 
experienced would vary from frame to frame, so that the moments and stresses tabulated above, which 
ignore the effect of the local stiffness provided by the bulkheads, should be considered as of comparative 
rather than of actual magnitude. 


Tue EFrrect oF OVERHANG. 


It will next be well to consider the effect of the overhang of the ship’s hull at the ends of the line of 
blocks. By the method employed earlier in the paper for determining the longitudinal distribution of 
pressure on the blocks, the bending moments, shearing forces, corresponding stresses, and the varying 
pressure on the blocks have been determined for the standard vessel in light condition, supported 
respectively for 25, 50, 75 and 100 per cent. of her length. 

The results of this investigation are shown in Fig. 14 and Table VI. 
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TaBiE VI. 
LENGTH SUPPORTED. 

25“, 50°, 75°, 100 °/, 
Maximum bending moment, foot-tons ... a ag ...| 80,280 | 38,020 | 11,805 | 11,805 
Maximum shearing force, tons ... rs od “f ose 947 584 289 271 
Maximum tensile stress in stringer plating, tons per sq.inch.... 4°14 1°80 “56 —59 
Maximum tensile stress in bottom plating, tons per sq. inch .... —8°23 | —1°74 —'58 “44 
Maximum shearing stress in side plating, tons per sq. inch ...) 2°05 1°45 “65 60 
Maximum thrust on bottom plating, tons per foot run | 588 25°1 15°4 lll 
Thrust on bottom at after end of blocks, tons per foot run ..., 53°8 251 15°4 3-2 
Thrust on bottom at forward end of blocks, tons per foot run...) 24°5 17°2 12°4 7, 
Pressure on aftermost block, tons er id Ae na tled eae 113 69 14 
Pressure per sq. foot on aftermost block, tons ... ape ey Yes 28 17 3 
Pressure on foremost block, tons oo cee ae weal A 1 56 8 
Pressure per sq. foot on foremost block, tons ... aa vel Oe 19 14 2 


It will be seen that the stresses due to overhang, for a vessel in the light condition, are not severe, 
but the pressures on the blocks, for anything like 25 % overhang at either end, are high, and it would be 
fatal to dock a laden vessel with any considerable proportion of her hull overhanging. Overhang is 

articularly dangerous in the case of a ship fitted with a bar keel, as the intensity of pressure on the 
Pacis is so greatly increased. 


In the year 1899, a serious accident occurred to the German liner ‘“FuLDA” in dry dock at Birken- 
head. The length of the vessel was 480 ft., and her weight at the time of the accident 6,000 tons, the 
overhang at the forward end of the vessel being 25 % of her length. The accident was attributed to the 
excessive weight forward, causing the vessel to cut through the blocks and to fall into the dock bottom. 
The pressure on the forward block was afterwards estimated at 178 tons, but as the vessel was fitted with 
a bar keel 3} in. in thickness, the corresponding intensity of pressure would be about 610 tons per 
square foot. 


DocKING WITH TRIM AND ITS EFFECT ON THE VESSEL’S TRANSVERSE STABILITY. 


The question of docking with trim is next considered. 

When a vessel trimming by the stern is docked and the water falls, at the moment when her after 
end just touches the blocks, her weight and buoyancy are equal ; but as the water continues to fall, the 
vessel pivots about the after block and draws less and less water at her after end, thus requiring the 
support of the after block to make up for the loss in buoyancy. The pressure on the after block becomes 
a maximum just before the keel touches the line of Hise throughout. If the vessel has a slight 
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transverse inclination (see Fig. 15) the thrust R of the after block, acting upwards, will form a couple 
with the weight W of the ship tending to upset her. On the other hand, there will be the moment of 
buoyancy resisting this upsetting moment. The buoyancy at any time will be equal to W - R. 


| i 


| 
| Wes (W-R)+R. 


Fie 15. 


If G be the centre of gravity of the vessel and M her metacentre when slightly inclined to an angle 6, 
Then the righting moment = (W — R) GZ — R.GY 
= (W — R) GM sin 6 — R.KG sin 0 
= (W — R) GMsin 6 + R.GM sin 6 — R.KG sin 6 — R.GM sin 6 
= W.GM sin 6 — R (KG + GM) sin 6 
= W.GM sin 6 —R.KM sin 6 
If GM} be the virtual metacentric height 
The righting moment also = W.GM; sin 0 
.. W.GM, sin @ = W.GM sin 6 — R.KM sin 0 
-. GM} = GM — EK 


i.e. loss of metacentric height = KM 


Values of R and = KM have been determined for the standard 400-foot vessel in various conditions 
of loading and trim, and these are plotted in Figs. 16 and 17, The pressure on the after block, and the 


10 


loss of metacentric height, are seen to increase with increase of trim, but whereas for a given trim the 
pressure on the after block is greater for the ship in a heavily laden condition, the loss in metacentric 
height is greater for the vessel in light condition. Thus, at a trim of 80 inches by the stern, the 
pressure on the aftermost block for a displacement of 11,000 tons is 418 tons, and for a displacement of 
4,000 tons is 833 tons, the corresponding losses in metacentric height being 0°8 foot and 2°67 feet, 
respectively. 


THE EFFECT OF FREE WATER IN THE BALLAST TANKS. 


The above values do not take into account the effect of free water in the vessel’s double-bottom tanks, 
The loss in metacentric height, due to free water in each of the vessel’s double-bottom tanks, has been 
determined for various displacements, and the results are plotted in Fig. 18. If there is free water in 
more than one tank, the loss in metacentric height is cumulative ; thus, for the vessel in light condition, 
but having all her double-bottom tanks half-full (7.e., with 520 tons of water-ballast on board), the total 
loss in metacentric height would be 8-4 feet. The actual metacentric height with this quantity of water 
in the bottom (assumed fixed) would be 10°5 feet, but the virtual metacentric height only 2°1 feet. The 
trim would be 40 inches by the stern, and when docking, just before taking the blocks throughout her 
length, there would be a further reduction of metacentric height of 1°3 feet, giving a net virtual meta- 
centric height of 8 foot. The vessel under consideration has a large initial metacentric height in the 
light condition, but it will be seen that the stability of vessels of less favourable proportions might 
easily be jeopardised in docking with considerable free-water surface in the double-bottom tanks. 


Tn conclusion it may be useful to enumerate a few of the obvious precautions necessary when docking 
a vessel. 


1. The vessel should be upright. 


2. So far as possible she should trim on an even keel. 

3. The double-bottom tanks should be individually either dry or entirely full. 

4. If the vessel has a small metacentric height, the double bottom tanks should be full during 
docking and undocking operations. 

5. Soft-wood capping should invariably be used to crown the docking blocks. 

6. The number of tiers of blocks used should bear some relation to the docking weight of the 
vessel. 

7. Extra tiers of blocks should be fitted at the centre-line in the case of heavy vessels titted 
with bar-keels, and overhang should be avoided by building up the blocks under stems which rise 
for a considerable length. 

8. Bilge blocks should he fitted in the case of laden or partly laden vessels, particularly in the 
neighbourhood of points where there is discontinuity of loading. 

9. An extra thickness of soft wood capping should be fitted amidships in the case of vessels 
whose keel is known to be hogged. 

10. Tiers of blocks should be no higher than required for purposes of inspection and repair. 

11. The tiers of blocks at the ends of the line. of blocks should be “cribbed” (i.e., linked 
together lengthwise) to prevent tripping when the vessel is docked with trim, and thus liable to 
exert a fore and aft upsetting force on the blocks. 


Doubtless, several other precautions will occur to readers of the paper and will be brought forward 
by them in the discussion, and the writer wishes to emphasise his desire, expressed in the opening 
paragraph, that the outport members will contribute an account of any interesting practical experience 
they may have had in the behaviour of vessels when in dry dock, 
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APPENDIX I. 


EXAMPLE OF THE DETERMINATION OF THE PRESSURE ON THE KEEL BLOCKS. 


Vessel in laden condition in dry dock, supported on a single line of blocks, under the keel. 
Weight of vessel, 11,320 tons; C. of G., 0°83 ft. forward of amidships, and 11°} ft. forward of the 


middle of length of the line of keel blocks. 


Fina (FourTH) ASSUMPTION OF THE DISTRIBUTION OF PRESSURE ON THE KEEL Buocks. 


Station 
on line of 
blocks. 


co @ 


10 
11 


Ordinate Function 
Tons per S.M. of 
foot run. Weight 
181 1 181 
22°5 4 90°0 
27°8 2 55°6 
30°55 a 122°2 
32°5 2 65°0 
384°0 4 136°0 
B45 2 69°0 
340 4 136°0 
33°1 2 66°2 
32°0 4 1280 
29°3 1 29°3 
ee ee 
11331 tons 


Lever from 
mid-length 
of line of 
blocks. 


So © ~~ oO 


me oo bv 


ou 


Function 
of 
Moment. 


90° 
360°0 


166°8 
244-4 
65°0 
926-7 
69°0 
272°0 
198°6 
512°0 
146°5 


1198°1 
926°7 


2714 
x 87°45 


915°4) 10165 


11°10 feet forward 
of mid-length of block line. 


The curve of loads corresponding to the vessel’s weight curve and the above assumed support curve 
is twice integrated by means of the integraph to obtain the curve of bending moments. 


nn nn Ec ErnnnDnnnInNEIESIEEIEISEIEIT SESE 


Bending moment. ik 


Station of M 
Ship's length. Foot tons. Sq. ins. x (feet)? EI 
1 —276 20000 —*00000138 
2 3594 197500 “00000182 
3 6174 299200 “00000206 
4 6267 329900 “00000190 
5 5713 352000 “00000162 
6 12809 413500 “00000310 
7 17878 376500 “00000475 
8 10690 342500 “00000312 
a 3686 803000 “00000122 
10 — 1470 222000 — 00000066 
11 0 _ == 


The curve of values of —~ is then twice integrated to obtain the curve of deflection. 


Corresponding 


Station. Deflection. _| Corresponding load. ape! fed a Load on block. di Boreal 
ins. Ibs. ——~—~*|—stomspersq.foot. | ‘tons. «(| tomsperfootrun. 

1 “079 3500 5°26 5°26 Liv 

2 “260 6250 9°40 22°65 5°03 

3 “401 7605 11°44 46°71 10°38 

4 B15 8640 12°99 53°04 11°78 

5 590 9340 14°05 57°37 12°75 

6 629 9700 14°59 59°37 13°24 

7 613 9550 14°36 58°63 13°03 

8 “B15 8640 12°99 53°04 11°78 

9 “350 7130 10°72 43°77 9°73 
10 “170 5220 7°85 82°05 7°12 
11 0 0 0 0 0 
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This curve is laid over the assumed curve of support so as to cut off the same area, and to have its 
centre of area in the same longitudinal position ; and the ordinates of the curve are then found to be as 
stated below :— 


ResuLTanTt SUPPORT CURVE. 


Lever from 


Ordinate Function 4 Function 
Station. Tons per S.M. of mid-length of 
foot run. Weight. of line of Moment. 
blocks. 

1 17°8 1 17°8 5 89-0 
2 22°6 4 90°4 4 361°6 
3 28°3 2 56°6 3 169°8 
4 30°55 4 122°2 2 244°4 
5 32°3 2 64°6 1 64°6 
6 33°6 4 134°4 929°4 
7 B44 2 68°8 1 68°8 
8 34:2 4 136°8 2 273°6 
) 33°2 2 6674 3 199-2 
10 31°9 4 127°6 4 510°4 
11 28°6 1 28°6 5 143'0 
9142 1195°0 
x 12°38 929°4 
11318 tons 265°6 

x 37°45 


9142) 9948 


10°9 feet forward of 
mid-length line of blocks. 


This curve lies very close to the assumed support curve and is taken as showing the latter to be a 
correct assumption. 
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APPENDIX II. 


Transverse strength calculation for the fully laden vessel placed in dry dock, and supported by 


blocks under keel and bilges. 


Weight of structure and cargo per frame space ... 
Upward thrust of blocks per frame space... 


Shearing force (acting upwards to balance) per frame space 


8 (each side) per frame space 


Upward thrust in way of keel blocks per foot of breadth per frame space 


” ” bilge ” ” ” ” 


In the tables the moments are represented by letters as follow :— 


M = the unknown bending moment at point O (bridge deck at centre). 


Il 


a 45 tensile force * af ” 
Q= - shearing force Fr "3 ” 
i 5 bending moment at point ‘‘a”’ (upper deck at centre). 
Pp, = "a tensile force +. ” 
Qa = s shearing force » ” ” 


106°8 tons. 
Tot 


33°34, 
16°65 ,, 
7°89 ,, 
4°70 yy 


The following moments are known in value, and represent the moment of the force in question over 
that part of the structure from the starting point to the point concerned about the point concerned. 


S is the moment of the weight of the structure. 


C Ae “ < cargo. 

F * » Shearing force acting upwards over the vessel’s sides. 
Ves “a » upward thrust of the bilge blocks. 

Vo x < A ,» keel blocks. 


= is the sum of the known moments 8, ©, F, Vz, and Ve. 


I, moment of inertia of the vessel’s structure at the point concerned. 


The principle involved is that in a complete ring of the vessel’s structure, the sum of all the 


moments, known and unknown, for equilibrium, must be equal to zero. 


The equations connecting the 


various moments are therefore first found, and then solved to find the values of the unknown 


quantities. 


In the Tables x, y, x,, and y,, are the values of the levers of the various forces about the points of 


origin O and “a.” 


ai 


a 


ame 1204 
— 48 |—25-4 
— 89 |—25-4 
— 89 |—25-4 
—13°2 |—25°4 
—17°5 |—25°4 
—21°9 |—25°4 
—26°2 |—25-4 
—30° |—25°4 
—346 |—25-4 
—36°9 |—21°55 
— 37°15 |—17°3 


—87°15 |—13°0 
—37'15|— 8°6 
—37°15|— 4:3 
—87°15 


a ee | 


1h 


TABLE J. 


— | 


s c F Vs Ve 2 
Ft. Tons. 

ee | a as ae | ee TD 
en ened Cee b 
21) — — _ = 2°] 
‘| ey orp | 47 
100, — es rene re 10°0 
|+100) — <a <i =a i Jo 
10°0| — _ a ee 10°0 
100| = = — [| com 10°0 

i+ 0 |+ 0 a ia as If 0 
| 66) — =. pease 72 
23| 265) — — | ee 28°8 
B1) 595} — =~ eae 646 
97} 1058) — — "|| vest | P1965 
+197 /4105°8|  ~ — | — 141255 
19°7| 1058; — en ae et 
19°7| 1053); — ee es 
19°7| 105°3| — ea ee a OS Fs 
197] 105°8; — some Ht cee. | | SS 
19°7| 1053] — a Hoc | ASbr5 
164| d0n5 14+ SBlie— || eer | 1962 
63| 636) 642) — | — | 1841 
=~ 57|— 70} 1352/4 848) — | 157-2 
21-6 |— 103-7} 206°8| -120°9| — | 202-4 
|—37-6 |—206-0| 280°2| 2079; — | 2445 
|54-4|—377°6| 352°0| 2989] — | 218-9 
|—72°3|—551°7|  423°7| 3880°3} — | 197°8 
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Tasie IT. 


No. cay + Es y 4 x a > y; xy j it lbs 
0 139 | +-00719 als 0 ee ne at 1 
1 139 00719 | —-00086 | —-04568 _ yes = 
2 139 ‘00719 | —00108 | —-09139 _ a a 34 
8 139 00719 | —-00288 | —-13704 _ an - 76 
4 1810 00055 | —-00039 | —-01403 _ re _ 12 
4 1810 | +-00055 | —-00039 | —-01403 = re i, tit 
i 282 00355 | —-01702 | —-09008 = oe = 79 
6 282 003855 | —01702 | —-09008 ake ae ~ 79 
a 234 an + = 400427 a a ae 
b 234 a - -s 00427 | —00043 | —-02714 | 69 
¢ 234 = = ~- 00427 | —-00128 | —-05428 | 275 
d 234 — wes = 00427 | —00256 | —-08142 | 618 
e 4584 me aa mE 00022 | —-00022 | —-00554 | 56 
6 | 4584 | +-00022 | —-oo194 | —-00554 | +-o0022 | —-o0022 | —-00554 |+ 61 
7 502 ‘oo199 | —02629 | —-05060 | -oo199 | —-01056 | —-05060 | 560 
8 502 00199 | —-03486 | —-05060 | 00199 | —-01932 | —-05060 | 560 
9 502 ‘00199 | —-04362 | —-05060 | -00199 | —-02789 | —-05060 | 560 
10 502 00199 | —05220 | —05060 | 00199 | —-03646 | —-05060 | 560 
iT 502 ‘oo199 | —06076 | —05060 | -o0199 | —-04503 | —-05060 | 560 
12 | 1800 00056 | —01922 | —-01383 | -o0056 | —-o1484 | —-01383 | 157 
13 | 12650 ‘00008 | —-00292 | —-00170 | 00008 | —-00229 | —-00170 | 24 
14 | 18900 ‘00007. | —00267 | —-00124 | 00007 | —-00210 | —-00124 | 25 
15 | 14500 00007 | —-00256 | —-00090 | 00007 | —-00201 | —-00090 | 31 
16 | 15200 00007 | —-00244 | —-00057 | -o0007 | —-00192 | —00057 | 36 
17 | 15800 00006 | —00235 | —-00027 | 00006 | —-00185 | —-00027 | 30 
18 | 16500 00006 | —-00225 0 “00006 | —-00177 “9 27 


17 


Tas.e III. 


= “M id “Q M P. “Q) Ss 
No. | SM 7a qra | fyxa | fea | fexna | fesa | fFa 
0 1 | +°0072 —0 at} ae es Te Rast i| 
1 | 4 0287 —"0014 —*1827 = — i. 32 
2. 2 0144 — 0002 —*1828 = te ees 68 
3) 4 ‘0287 — 0115 —*5482 — Ss — 304 
4 1 “0005 — "0004 —°0142 a — = 12 
A +0795 —"0155 —*9277 = ih es + 416" 
4 1 | +:0005 —0004 —'0140 —_ ats _ + 12 
5 4 0142 —'0681 —°3603 = a —_ 316 
6 1 “00386 —‘0170 —'0901 = — — 79 
B +0183 —0855 | —-4644 ae ~_ Ate + 407 
—————— 
a 1 = = — +0043 =i 10) + 0 
b 4 — — — 0171 —°0017 —-1086 276 
c 2 = = — “0085 — "0026 —'1086 550 
ad | 4 — — — 0171 =0017 —'B257 2472 
e 1 — = — 0002 —-0002 —*0055 56 
Cc — -~ ae +0472 —0062 — "5484 +3354 
6 1 | +-0002 —0019 —"0053 | +°0002 —0002 —"0055 + 61 
7 4 “0080 —'1052 —*2024 “0080 —*0422 — 2024 2240 
ge i 0040 —0697 —"1012 “0040 — "0386 Slee: 1120 
9 4 0080 —"1745 —°2024 “0080 — "1116 —*2024. 2240 
10 2 “0040 —'1044 —'1012 “0040 —*0729 —'1012 1120 
11 4 “0080 —*2430 — "2024 “0080 —'1801 — "2024 2240 
1ST sz “OO1L — "0384 —°0277 “OO11 —°0297 —"0277 Bld 
13 4 00038 — 0117 —'0068 “0008 —0091 —"0068 06 
14 2 “0001 —0053 — (025 “O001 — "0042 —0025 50 
15 4 “0008 —*(0102 —*0036 “0003 —*0080 — "0036 124 
16 2 “0001 —0049 —O011 “0001 — (038 —0011 72 
17 4 0002 — 0094 —0011 “0002 —0074 — 0011 120 
18 1 “0001 —*0023 = 0 “0001 —0018 —0 27 
D +0344 —*7809 —°8579 +0344 —"5096 —8579 +9824 
6°35 
AX poe | +7118 —-0231 | —1:3808 = = = + 619 
4:07 
Bx 737 +°0174 —'0815 —*4426 = — —_ + 388 
Equation M 1701 M| —-8855 P| —2°6813 Q| +-0344M,| —:5096P,} —°8579Q,|+10831=0 
D +:°0344 —'7809 —*8579 +:°0344 —'DOD6 — ‘8579 +9824 
Cix ae — = oe +0702 —-0092 —8160 +4990 
EquationM , 0344 M| —-7809 P} —°8579 Q) 4+°1046M,) —5188P,,| —16739Q,|/+ 14814 =0 
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TABLE IV. 

We T\y frya feya QF xy al Sbya Py yal Sosya S2ya 
® | oF 9 OS? oO 4 9 mA - ~- + 0 
1 | -05| -0014 |- 0001 |— 0091 waa ‘e wen 2 
2} +15] -0022 |— -0003 |— :0274 er) +a = 10 
3 | -4 | 0155 |— 0046 |— -2198 A - ns = 122 
4 | -7 | -0004 |— -0003 |— -0098 a. iad a 8 
A 0155 |— -0053 |— -2656 a ae = + 14 

4 | 7 |+-0004 |— -0003 |— -0098 a wn + 
5 | 48 | -0681 |— 3268 |— 1°7292 = a a 1517 
| 6 | 89 | -0820 |— +1584 |— 8019 He as me 703 
B +1005 |— 4855 |— 2°5409 aS we abe + 2228 
6 | s9 |+-0018 |— -o169 |— -0489 | +-0018 |— ‘0018 |- ‘0489 |+ 543 
7 |182 | *1056 |— 1:3887 |— 2°6719 1056 |— -5570 |— 2°6719 29568 
8 |175 | 0700 |— 12198 |— 17712 0700 |— °6756 |— 1:7712 19601 
9 |21-9 | 1752 |— 38211 |— 44385 "1752 |— 2°4442 |— 4:4835 49055 
10 |262 | -1048 |— 2:7354 |— 2-6520 ‘1048 |— 19100 |— 2-6520 29346 
11 |30°5 | -2440 |— 7-4120 |— 6-1738 2440 |— 5:4924 |— 6°1738 68328 
12 1346 | -0381 |— 1°3284 |— -9583 0381 |— 10276 |— -9588 10863 
13 |36°9 | -O1l11 |— 4317 |— -2509 0111 |— -3858 |— -2509 3542 
14/8715] -0037 |- ‘1969 |— -0929 0037 |— +1560 |— 0929 1858 
15 13715] ‘0111 |— -8789 |— -1387 ‘0111. |— +2971 |— °1837 4606 
' 46 |37:15| -0037 |— +1820 |— -0408 0037. |— ‘1411 |— -0408 2675 
17 |8715| ‘0074 |— -3492 |— -0408 0074 + |— ‘2748 |— 0408 4458 
| 18 |37°15| °0037 |- -0854 0 0037 |— ‘0669 |— 0 1003 
D 47802 |-19:5464 |—19-2687 | +-7802 |—13-4803 |—19-2687 |+225446 

6°85 Ry F ‘ 

AX Gaz [+'0231 |— 0079 |— 3953 = = =e + 211 
B x +0958 |— -4627 |— 2-4215 o zs — |+ 2123 


Equation P 


*8991M|—20-0170P |—22°0855Q | +°7802M, 


—13-4803P, — 9126879, +227780=0 
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TABLE V. 
= cane : ‘ ; = 
mon | ptnal fina | ffena | Pha) fhseal fara | fEna 
a 0 —_— ra — + 0 —0 —0 + 0 
b I = -_ ees ‘0017, —0002- | —-0109 28 
c 3 _ — — "0026 = —-0008 —°0326 165 
d 6 rae = S 0103 = —-0010. || —1954 1,483 
e 10 — a = 0002, = 0002 |) —-0055 56 
C = — | = |+014s | 022 | —-2444 | 41,782 
oie" Soe eee | | 
6 | 10 |+-0002 | —oo19 | —-0055 |+-0002 | —-o002 | —-0055 +61 
7 | 53 | -o424 | —-5576 | —10723 | -o4z4 | —-2286 | —1-0728 11,870 
8 | 97 | 0388 | —-6760 | —-9816 | -o388 | —-3748 | —-9816 10,863 
9 | 140 | -1120 | —2-4430 | —2-8342 | +1120 |—1-5627 | —2-8342 31,360 
10 | 183 | -o732 | —1-9103 | —1-8521 | *-o0732 —1-3888 | —1°9521 20,495 
11 | 226 | -1808 | —54926 | —4:5751 | -1808 |—4-0710 | —4:5751 50,625 
12 | 267 | -oz04 | —10250 | —-7396 | -o294 | —-7931 | —-7396 8,384 
13 | 290 | ‘0087 | —3898 | —-1972 | -oos7 | —2639 | —-1972 2,783 
14. 29°2 "0029 —"1b47 | — "0780 | “0029 —*1226 — "0730 1,460 
15 | 292 | -o089 | —-2979 | —1051 | -oos9 | —-2336 | "1051 3,621 
16 | 292 | -ooz9 | —1431 | —-0821 | 0029 | —1110 | —-0821 2,102 
17 | 292 | -o058 | —-2745 | —-o821 | -oo58 | —-2161 | —-o821 3,504 
is | 292 | -0029 | —-0672 =i 0029 | —*0526 =f 788 
D 5088 |—13°3831 |—12-4999 |4-5088 |—9:3585 |—12-4988 |4147,916 
Cc x a sont = —  |4-0220 | —-0033 | —-3686 | 485,199 
| 7 | 
Equation Py | -5088M —13°3831 P —12-4999Q, +:5308 M, |—9°3618 P, |— 128624 Q, | +327,813 =O 
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Taste VI. 
See Se aM en ee ee 
M Pe F MM °P 
No. x Syxu Szyxu fiva Jpxu Sy, xa. fexxa fZzxa 
} _ — 
Sta be, Bie OS he 8 = * = “ 0 
1 | 635|  -1828/- -0089 |— 11600 = = “ 203 
2 127 -1829/— 0279 |— 2°8217 - a ie 864 
3 11905! 5467/— 2191 |—10-4430 _ - as 5791 
4 | 25-4 0127|/— 0102 |— 3556 = = _ 305 
A + -9246/- +2661 |—14-2803 = = - + 7168 
4 los-4 |+ -0127/- -0102 |— -3556 = a o + B05 
5 125-4 *3607|— 1:7294 |— 9°1510 2 ia < 8027 
6 | 25-4 0914|— 4317 | — 22885 st “ ea 2007 
B 4+ -4648|— 21718 |—11°7951 es “ us + 10839 
ee > r ma 
6 lo5-4 }+ -0051/—- ‘0483 |— “1397 | +°0051 |— 0051 |— -1397 |+ 1549 
7 | 25-4 -2032|— 26721 |— 5°1419 2032 |— 10719 |— 51419 56890 
| § |o54 -1016|— 1:7702 |— 25710 1016 = |— “9804 |— 2-5710 28447 
9 | 254 -2032|— 44326 |— 51419 2032 |— 28850 |— 51419 56890 
10. | 25-4 1016|— 26520 |— 2°5710 1016 = |— 18516 |— 25710 28447 
1 | 25-4 -2032|— 61730 |— 5°1419 2032 |— 45750 |— 51419 56890 
2 | 249 0274|— 9561 |— -6898 0274 |— °7396 |— +6898 7819 
13 |21°55| 0065/— -2521 |— -1465 0065 |— 1961 |— 1465 2069 
4 [173 0017|— 0917 |— 0432 0017. |— 0727 |— -0432 866 
15 | 13°0 0039|— +1826 |— 0468 0039 |— “L040 |— -0468 1612 
16 86 0009/— 0421 |— 0095 0009 «= |— 0327 |- -0095 619 
17 43 0009/— 0404 |— 0047 ‘009 ~=|— 0318 |- -0047 516 
18 | 0 0 0 0 0 0 0 0 
D 4+ -g592/—19-2632 |—21-°6479 | +-8592 |—12-4959 |-12-6479 | +242614 
35 
A = +1:3760/— 3961 |—21-2550 i a z + 10660 
B toe 4+ -4429|/— 20693 |—11-2430 2 -_ ti 4+ 9854 
Te pepe —— a Fam 
Hquation Q) 2-6781M)—21-7286P |—54-1459Q | +°8592M, |— 12-4959P, | — 21°6479Q,| +263128=0 
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TasLE VII. 


metl *M li : ‘M P, 
No. xX, ¥ T x, dl Sqyx Soxxa B pad SF y, x, dl St dl J2xa 
| = Se =e | 
| @ 0 _ es 4 er ee | =2-0 0 
er ear — ae = 1086 |— +0108 |— 6896 17538 
e |12°7 na a == 1080 |— +0330 |— 1:8793 6986 
d |19°05| — sen a2 3258 |— -03824 |— 62050 47094 
@ | 254 as iow 2: 0051 |— +0051 |— -1897 1422 
€ | | — — a + 5475 |— -0818 |— 84186 |+ 57255 
| 6 | 25-4 |+-0051 |— 0488 |— +1897 |+4 -0051 |— -0051 |— -1397 |+ 1549 
| 7 {25-4 | -2082 |— 26721 |— 51419 | 2082 |— 1:0719 |— 5-1419 56890 
8 1254 | +1016 |— 1:7702 |— 25710 1016 |— 9804 |— 2°5710 28447 
9 |25°4 | +2082 |— 44826 |— 5°1419 | 2082 |— 2°8850 |— 5°1419 56890 
/10 |25-4 | +1016 |— 26520 |— 25710 1016 ~|— 18516 |— 2°5710 28447 
(11/254 | +2082 |— 61730 |— 51419 2082 |— 4°5750 |— 51419 56890 
| 12 1249 | -0274 |— -9561 |— -6898 0274 |— °7896 |— -6898 7819 
13 {21°55} -0065 |— -2521 |— +1465 0065 |— “1961 |— °1465 2069 
114 1173 | -0017 |— -0917 |— -0432 0017 |— 0727 |— -0432 866 
15 13°0 70039 |— °1326 |— -°0468 0039 |— 1040 j— -0468 1612 
16 | 86 | -0009 |— -0421 |— -0095 0009 — +0327 |— -0095 619 
17 | 43 | -0009 |— -0404 |— +0047 0009 |— +0318 |— -0047 516 
18 0 0 0 0 0 0 0 0 
D '+°8592 |—19-2632 |-21-6479 | +4 -8592 |—19-4959 |—21°6479 |+242614 
cxt | — = — |+ 8147 |— -1210 |-12'5180 |+ 85199 
aé 
Equation Q, "8592 —19'2632P —21°6479Q | + 1°6739M, |— 12°6169P,| — 34°1659Q,| + 327813=0 
| | 


SuMMARY OF EQUATIONS OBTAINED FROM TABLES III. To VII. 


l ‘170M— -885P — 2°681Q0+ -034M, — °510P,— °858Q,:+ 10831 =0 
2. -034M— -781P— -858Q + 105M, — ‘519P,— 1°674Q,+ 14814=0 


3. 899M — 20:017P — 22°085Q + -780M, — 13:480P, — 19°269Q, + 227780 = 0 
4, *509M — 13'383P — 12:500Q + ‘531M, — 9°362P, — 12°862Q, + 327813 = 0 
5. 2°678M — 21°729P — 54°146Q + °859M, — 12°496P, — 21°648Q, + 263128 = 0 
6. "859M — 19-263P — 21°648Q + 1°674M, — 12°617P, — 34°166Q, + 327813 = 0. 


: nee solution of these six equations gives the following values for the unknowns M, P, Q, M,, 
, and Q; :— 


M = —9100 ft. lbs. = —4-1 ft. tons. 
Pes S20v bei * 837 Pons: 
Q = —531 lbs. = —-2 tons. 
M, = 21210 ft. lbs. = 9°5 ft. tons. 
P, = —5368 lbs. = —2°4 tons. 
Q,= 8093 lbs. = 3°6 tons. 


These values are now substituted in Table I., giving Table VIII. which indicates the bending moment 
and resultant tensile stress at regular intervals in the vessel’s structure. 
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Tape VIII. 


M Py Qx M, 
41 0 0 — 
aa — 2] +415) — 
—41 =D 31 | — 
—41 —15| 46) — 
—4°1 26 61) — 
—41 = 59°6: |_ +61 = 
—41 | —17°6 61) — 
—41 |} —32°6 Gey — 
i adi —' | +95 
= oe x 9°5 
oe a . 95 
2% id 5 9°5 
hee on ul 95 
—4:1 | — 82°6 | +671) +9°5 
—4:1 | — 48:3]. 671 95 
—41 | — 641 6'1 9°5 
—4:1 | — 802 61 9°5 
—4:1 | — 95:9 671 9°5 
—4-1 | —111°6 671 9°5 
—41 | —126°6 61 95 
—41 | —135°1 52 9°5 
—41 | —1360 | 42 9°5 
—4-1 | —136°0 371 9°5 
—41 | —1360] 21) 95 
—4:1 | —136-0 10 9°5 

0 9°5 


—41 


Total || Moment | Stress 
ef as | | BM lita tot, 
at ba 0 —41 ig | —2-7 
os = + 5 —2'3 ig | —15 
+ nes 21 + 6 18 “4 
=; = 4.7 +3°7 18 25 
ros = 10°0 49-4 || 120 10 
oe powe 4100 | + 9-4 || 120 10 
26 os 10°0 | — 56 27 || —2°5 
es = 100 | —206 | 195 | —1°3 

0 0 0 + 95 28 41 
+ 2| -229| +4 72] -— 60 28 || —2°6 
7 | —45°9 288 || — 69 2g || —2-9 
14 | —68°8 64-6 || + 6-7 28 2"9 
2-4 | —91-7| 1155 | +857 || 195 2-2 
4+ 24 | —91-7 | +1255 |} + 15:1 || 195 10 
127 | —91:7| 1255 | + 97 52 2-2 
233 | —91-7| 1255 || + 45 52 1-0 
338°6 | —91-:7 | 1255 || — 1:3 an oe: 
43-9 | —91-7| 1255] — 6-7 52 «|| —15 
542 | —91-7 |  125°5 || — 12° 52 «| —2°8 
641 | —91-7 | 1262 |) = 16° 72 || —2-8 
696 | —77-°8 | 1341 || + 1:4 || 3838 ‘1 
701 | —62°5| 157-2 || + 3884 || 610 8 
70:1 | —46-9| 202-4) + 981 | 630 1-9 
701 | —31-1 | 244-5 | 41550 || 645 29 
70:1 | —15:5 | 2189 | +1389 || 655 25 
70°1 0 197°8 | +187°3 || 673 2 
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DISCUSSION ON MR. BRYDEN’S PAPER 


ON 


“DOCKING: STRESSES AND STABILITY.” 


Mr. W. Tuomson. 


The author of this paper has opened up a new field in our Transactions, and one in which relatively 
little detailed work has been done elsewhere. 

Various aspects of the question are dealt with, but it is the sections relating to the structural 
fom in various conditions which principally appeal to me, and on which I would like further 
information. 


I have endeavoured to follow the method of calculating the longitudinal stresses, and it would 
appear that after the weight curve has been drawn an assumed curve of pressure or support is drawn and this 
curve is adjusted, taking account of the overhang of the ends and the elastic compression of the blocks, 
until the curves of weight and support correspond in area and centre of gravity. 


From this it ise to me that the results of the calculation rest on the nature of the support curve 
first assumed, but I would be glad if the author would remove any misconception on this point. 


The next point which rather puzzles me is the variation in longitudinal stress which occurs when 
bilge blocks are inserted in addition to the ordinary keel blocks. Figs. 4 and 5 show a surprising 
difference in the nature of the curves of support, and [ cannot understand why this should be so, as the 
bilge blocks, although obviously entirely altering the transverse support to the vessel, should not produce 
so great a variation in the longitudinal support. 

From the point of view of actual dry docking, probably the most interesting figures are those 
pelekine to the safe crushing loads on the blocks, and in this connection Fig. 16 is worthy of careful 
study. 

An experienced superintendent recently informed me that he had no hesitation in dry docking his 
vessels with 2 ft. of trim by the stern, and would be quite willing to go to 8 ft. On the basis of Fig. 16 
this would represent a pressure on the after block of 100 tons and 150 tons respectively. These pressures 
appear to be somewhat high, and the author might, perhaps, comment on them. 


Mr. H. Dickerson. 


In no case dealt with in Mr. Bryden’s most interesting paper are the longitudinal stresses great 
when a ship is docked. It appears, therefore, that the main thing to be guarded against is excessive 
ressure in the keel blocks. I think that the manner in which the author has dealt with this question 
is the one which would be most likely to give results approximating to the actual, provided the material 
forming the capping of the blocks were always the same as that used in the experiments carried out in 
the United States. However, on referring to text books and pocket books one finds that there is a 
comparatively wide range of values given for the physical properties of any one kind of timber. 


It will be seen that the supporting or pressure curves in Fig. 1, which assumes the hull to be rigid, 
a those in Fig. 4 based on the results of tests on spruce capping, approximate fairly closely to each 
other. 

I suggest, then, in view of the uncertainty regarding the physical properties of timber, and of the 
fact that ships may be docked on capping that has already been compressed by previous dockings, that 
it is very doubtful whether there is any advantage to be gained by the use of the method for obtaining 
the pressure on the keel blocks advocated inithe paper, which method is based on one series of experiments 
on one kind of timber. 
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The figures given in Table II. for the longitudinal stresses when the ship is afloat are interesting. 
The maximum stress in the hogging condition is 5°66 tons per sq. in. On referring to the paper read 
before the Staff Association by Mr. Thomson in 1921, the corresponding stress in a vessel of the same 
length is given as 8°8 tons per sq. in., or nearly 60 per cent. greater than stated by Mr. Bryden. I cannot 
see the reason for this great difference, unless it is that in the present instance the modulus of the section 
used in the calculation, is that between the deck openings. If this is so, the figures in the table are 
somewhat misleading, as they do not represent the maximum stresses as stated. 

The section of the paper which deals. with transverse strength provides ample scope for discussion. 
Investigations of the question of transverse strength by the “ Principle of Least Work” are valuable for 
forming a basis on which to compare different types and sizes of ships. The usual procedure in calcu- 
lating the moments of inertia at different points on the transverse ring is to include the full sectional 
area of a frame space of shell, deck and tank top plating. This, I suggest, is wrong. The plating, 
forming as it does part of the girder, whether it be frame, beam or floor, is either in tension or compres- 
sion, and is only effective in resisting these stresses by reason of the riveted attachment of its seams ; 
therefore, not the sectional area of a frame space of plating but the sectional area of the rivets in one 
frame space of edge attachment should be included in the calculation. 

Take, for example, the side shell plating :— 


Comparative effective thickness based 


: on the area of the rivets in one frame 
Aiea) eon space of edge attachment 
OF PlAvIng. Area of rivets 


~~ frame spacing 


Ins, Ins, 
*38 *15 
“40 "15 
48 "15 
52 34 
*60 84 
‘70 *B4 


From this it will be seen that for thicknesses *88 to “48 ins. the same effective thicknesses of plating 
of *15 ins. should be used for calculating the moment of inertia of the frame, similarly for actual 
thicknesses °52 to *72 ins. a thickness of *84 should be taken, and so on. In other words, in all vessels 
having the same seam riveting the same effective thickness of plating should be used, irrespective of 
variations in the actual thickness of the plating. 

If this method had been used by the author, it is obvious that the bending moment and stress curves 
would have been different from those shown in Figs. 7 to 18, especially in way of the double bottom, 
where the tank top seams are only single riveted, and where the moment of inertia is approximately half of 
that calculated by Mr. Bryden. 

Furthermore, the station 13 on the transverse ring is practically at the margin, and in my opinion 
the moment of inertia and modulus of the margin attachment should have been used at this point, these 
again being about half of the values taken by the author, 

It will be seen in the paper on the effect of beam knees on the transverse strength read in 1923 by 
Mr. Akester, that by altering the moment of inertia of the beam knees only, the bending moment and 
stress curves were affected right round the transverse ring. 

If the moments of inertia had been calculated as suggested above, a more reasonable stress in the 
"tween deck framing would probably have been obtained. Mr. Bryden should receive our heartiest thanks 
for placing before the Association this most interesting paper on which, it is apparent, a great deal of 
thought and labour has been expended. 


Mr. W. Wart. 
I would like to pay a very sincere tribute to the author for the interesting paper which he has 


submitted to our Association, for I know, perhaps better than anyone, something of the enormous time 
and labour he has expended in its preparation. 
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Very little investigation work on this subject has been attempted, and even what the author has 
now done is based on such broad assumptions that, as he admits, the results can only be considered to be 
comparative. Some of the stresses indicated in the diagrams, as already pointed out by several speakers, 
are so excessive that one would anticipate structural failure. In some cases these are indicated at parts 
of the ship where we know considerable deterioration takes place without any indication of the expected 
collapse. It is therefore evident that further inquiry is necessary if really reliable results are to be 
obtained. 

I am afraid the author has placed too much reliance on the elastic properties of soft wood capping 
blocks. Elasticity may exist in prepared timber within very narrow compression limits, but it certainly 
does not exist in the case of an irregular surface—such as the bottom of a ship—pressing on blocks which 
are just as irregularly distributed. As a matter of fact the soft capping blocks are placed in position to 
take these irregularities, and in everyday experience many of them are crushed and broken before the 
keel is bearing on the remainder. I have seen cases where the vessel was bearing on the after blocks 
only, and not on a single block forward of amidships until the latter blocks were hardened up. In 
docking large vessels it is a common practice to place two capping blocks on each docking block, and in 
many cases both capping blocks are crushed. Elasticity does not exist once the upper fibres of the block 
are broken. There appears to be no practicable method whereby the load on each individual block can 
be measured, nor is it possible to tell if every individual block is taking its proportionate share of the 
work, and so the usual method of fixing a maximum load per square foot of block surface appears to be 
as satisfactory as any method devised. 

The author calls attention to the desirability of using bilge blocks in docking large vessels. 

It must be remembered, however, that during the process of docking the vessel seldom bears on 
these bilge blocks, and they have to be hardened up afterwards. It is therefore necessary to provide 
sufficient blocks at the centre line to take the entire weight, and to look upon the bilge blocks as 
supplementary. 

It is instructive to note that the stresses, even in the case of a fully-laden vessel, are less than when 
afloat, and that no danger need be apprehended in docking such a vessel, provided ordinary care be 
exercised. 

With regard to this point it is interesting to note that in a case recently reported, a steamer having 
moulded dimensions 820ft. x 46ft. x 23ft. 7ins., after sustaining damage, was docked for examination of 
propeller and tail shaft. Part of the cargo was removed, cross shoring was provided under the bottom, 
and the dock water was pumped out only to below the centre of the propeller ¢o avoid straining. 

The author shows that such precautions are quite unnecessary. 

The section dealing with the stability of docking is very interesting. In cases where it is known 
that the margin of stability is small, particular attention must be given to the shores from the dock 
sides. These should be wedged carefully as the vessel settles on the blocks, in order to keep her upright 
re entire operation, fresh rows of shores being fitted and the top ones removed as the operation 

roceeds. 
I remember a case of a vessel which had a negative G.M. of °5 of a foot, and an angle of repose of 
about 6° being docked safely in this condition. 

Two heavy bilge blocks were fitted on each side as a precaution against tipping when the keel was 
resting on the bloke 


Mr, D. L. H. Conurson. 


With regard to the docking of ships, there is one question which I feel I would like to raise, as it 
is a subject which often crops up in the course of one’s dialed viz., how many blocks is it safe to remove 
from under a vessel when extensive repairs are necessary to the keel ? 

If the author could give us some general rule on this subject it would be of great assistance ; but if 


this is not possible, perhaps he could tell us what could be done in this respect in the case of the vessel 
mentioned in his excellent paper. 


Mr. R. B. SHEPHEARD. 
It is interesting to compare the results obtained by the author for transverse docking stresses with 


those determined by other investigators. Dr. Bruhn, in his 1904 paper, found a stress of 14°5 tons per 
sq. in. at the centre of the second deck of a two-deck vessel, with one row of pillars and double bottom, 
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loaded homogeneously in holds and ’tween-decks, and resting on keel blocks only. ‘This compares with 
the author’s figure of 9°3 tons per sq. in. With two single-deckers, however, with single bottoms, having 
one and two rows of pillars, also loaded homogeneously, Dr. Bruhn calculated the maximum stresses to 
be 18°6 and 20 tons per sq. in. respectively at the floors on the centre line. Sir John Biles gives a case 
of a Channel steamer, having open floors, docked with keel blocks only, in which the stress at a section 
in way of two large boilers was calculated to be over 21 tons per sq. in. in the floor above the blocks. In 
a paper read before the I.N.A. in 1882, Messrs. Read and Jenkins, surveyors to this Society, gave some 
interesting results of transverse strength calculations based on the assumption that the side framing was 
fixed in direction at the beam knees, but the frames and floors below the knees were free to deflect under 
applied forces. They estimated the stress in the floor of a small vessel in dry dock on keel blocks, 
homogeneously loaded, to be about 12 tons per sq. in. 

These figures are considerably above those given by the author. One would expect comparatively 
large stresses in vessels having open floors, with a modulus at this part much below that for a double- 
bottom ship. The transverse bulkheads, side plating and longitudinal members of the structure all help 
to reduce these apparently very severe stresses, and the conditions would probably also be modified by the 
provision of bilge support. 

The form of the stress curve in Fig. 8 of the paper is generally similar to that obtained by Dr. Bruhn. 
There is an interesting difference, however, at the bilge between stations 1land 12. Dr. Bruhn’s curve 
continues downwards in approximately a straight line to about 114, where it turns sharply inwards to 12, 
showing a very pronounced knuckle. As his curve of bending moments is fair in this region, there must 
therefore be a corresponding knuckle in the curve of modulus. Such a knuckle in the modulus curve is 
remarkable, as Dr. Faslli's ship has a reverse bar running in a fair line at the frame foot between 11 
and 13; and there is no abrupt change in the section as exists at 114 in the author’s modern ship, due 
to the flanged tank side bracket. It would not have been surprising to find a sudden change in the 
curve of modulus at this part in the latter case. producing a corresponding knuckle in the stress curve. 

The author refers to the accident to the “South Carolina.” This ship,an old American battleship, 
was docked with a trim of 41 in. by the stern, on blocks 7 ft. 14, in. from the dock floor to top of cap—not 
8 ft. 14 in., as stated on page 5 of the paper. She was landed successfully, and everything appeared to be in 
order until about 17 hours later, when the whole of the blocks collapsed, and she fell about 3 feet aft and 
down to the dock bottom. Lt.-Com. Gayhart considers that the blocks at the aft end, being insufficiently 
“ cribbed,” deflected slightly when the keel first landed. The horizontal thrust so produced was resisted 
by the rigidity of the remaining keel blocks ; but the spruce cap blocks, being plastic, gradually yielded, 
allowing the originally stable blocks to deflect and finally to collapse. 

The behaviour of spruce under compression is far from elastic, as Fig. 2 shows, and has been found 
to depend on the period over which the load isapplied. It is unfortunate that, no doubt owing to absence 
of other information, the author has had to determine the “support” curves from these results. 

On page 8, under “ Docking with Trim,” it is stated that ‘‘ the pressure on the after block becomes 
a maximum just before the keel touches the line of blocks throughout.” This assumes the blocks to be 
rigid and all the load to be taken on the after block till the vessel lands throughout. Actually, com- 
pression of these blocks will take place, and the load will be taken on more and more blocks as the trim 
of the ship decreases. It has been shown in one case that under these conditions the load on the after- 
most block reaches its maximum when the ship has lost about half its trim, the increased number of 
blocks on which the thrust is taken as the trim is further reduced, causing the load on the aftermost 
qlock to decrease. 

The pressures shown in Fig. 16 seem alarmingly large, but the range of trim is in practice less 
than half that plotted, and the figures assume that the vessel is bearing on the aftermost block only. If 
the range be limited to the area at the right hand corner enclosed by the dotted lines, and allowance 
made for the distribution of the load, the pressures are reduced to within safe working values. 

May I also express my thanks to the author for his most interesting paper, and appreciation of the 
work which its preparation must have required. 


Mr. 8. F. Dorey. 


Mr. Bryden has undertaken a big task in investigating the question of docking stresses, particularly 
as whatever method is employed, assumptions must be made which may or may not be correct. In this 
respect, therefore, it would be of value if the author would indicate more definitely the method he has 
employed. Thus no mention is made of the amount of total load taken by the bilge blocks and their 
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effect on the relief of load taken by the keel blocks. The load on the bilge blocks will also depend on 
how hard the wedges are tightened up, and whether the deflections of the vessel in their vicinity have 
been removed by the upward support of the blocks. Perhaps Mr. Bryden will also indicate how the load 
on the end bilge blocks has been ascertained, and also how the stresses have been calculated for the 
section of the vessel a few feet away from any of the end bilge blocks where support is only forthcoming 
from the keel blocks. 

The use of soft wood capping on the keel blocks appears to be desirable in probably reducing local 
intensities of stress at the moment the vessel takes the block, but any elasticity the soft wood might have 
had originally would certainly be removed. The load compression curve for spruce cap block might, to 
a certain extent, give an indication of the amount the keel crushes the wood, but any figure arrived at 
would only be a very rough approximate, and the statement that the spruce capping compresses an 
amount equal to the deflection at any point needs a little qualification. I should be glad to know what Mr. 
Bryden really does mean by that statement. If a “ support” gives way an amount equal to the deflection 
due to a load on a member of a structure there can be no support at the point where the deflection is 
measured. If, however, a part of the deflection due to the load is removed, perhaps Mr. Bryden will 
indicate how the amount of load taken by the support has been calculated. 

Of course, one of the most interesting cases of docking stresses is when a number of keel or bilge 
blocks have been removed for repairing a vessel, but no doubt the author will investigate this part of 
the problem. 


Mr. E. W. Buocksipe. 

Since the birth of this Association there have been many papers of great practical and theoretical 
value, very divergent in character, and no two papers are alike. ‘The one under discussion this evening 
has meant a tremendous amount of labour and investigation on the part of the author. It is alsoa 
subject which has been left severely alone in the past. 

In the absence of any previous information it was an interesting speculation to Mr. Bryden, and to 
his colleagues who knew of the investigations, as to what the final results would be. 

In the first place, I think the author is correct in assuming the ship and blocks to be elastic, and 
that the application of the “ Principle of Least Work” would give an over rather than an under estimate 
of the resulting stresses. 

The interesting part to me, and, I think, that which will be to most readers, is the result of the 
investigation into the stresses experienced by the ship and the resulting pressure on the blocks when a 
vessel is fully loaded with a deadweight cargo, or partly loaded with cargo in dry dock. 

Asa result of the experience gained in watching the behaviour of large battleships in dry dock—which 
may be considered as equivalent to a loaded cargo ship—it becomes necessary to fit bilge docking keels 
as a means of absorbing some of the transverse stresses when the ship was docked. It will also be noticed 
that in all modern dry and floating docks bilge blocks are fitted. 

Mr. Bryden tells us that from the point of view of longitudinal strength the fitting of blocks under 
the vessel’s bilges is not desirable, as the longitudinal stresses are by no means so severe as those~ 
experienced at sea under normal conditions, but it is advisable in the case of a loaded ship to have the 
support of bilge blocks for the transverse stresses. 

With this knowledge, the shipowner will have less apprehension of damage to the structure of his 
ship when he is faced with the necessity of dry docking at a time when the holds are filled with a 
deadweight cargo. 

I have personally seen some peculiar results of the effect of a hot sun during the day and the cool 
air of the night on the material of long narrow ships in dry dock, such as torpedo boat destroyers or 
high-speed cruisers when the wedges have become slack and the shores have dropped into the dock, thus 
bringing a stress on the ship. 

In the fourth paragraph on page 7 of the paper Mr. Bryden refers to the damage which might 
result to the bottom of a vessel when taking the three rows of blocks, a danger which is obviated by the 
use of soft wood capping blocks. 

The incident referred to on page 5 of the paper, viz., that of the U.S.S. “South Carolina,” where 
the keel blocks collapsed under the vessel, was not due, apparently, to unsuitability of the material form- 
ing the blocks, but rather to the method of arranging the blocks. : 

The name spruce js often misapplied to certain timbers used in this country. The specie used by 
Lieut-Commander Gayhart, U.S.N., was the American white spruce, and is the timber upon which Mr. 
Bryden bases his investigations. 
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It makes an interesting analysis when we compare the pressure on the blocks under the varying 
conditions of the investigation with the fibre stress at the elastic limit when the spruce is under com- 
pression perpendicular to the grain. 

From many sources of information I found, when writing my paper on “ Timbers,” that the fibre 
stress of spruce at the elastic limit is 5,900 Ibs. per sq. in. Using an extreme factor of safety of 6 this 
becomes 984 Ibs. per sq. in., or 63 tons per sq. ft. That is to say, that if we do not exceed a pressure of 63 
tons per sq. ft. on blocks the material will not “crush” or “ splinter.” 

If we look at the curve of load and compression in Fig. 2, we notice it is irregular in form, which 
is due, probably, to the fibre or cell construction of the material. At the extreme limit where there is 
compression of about 2 ins., which is 52 per cent of the height of the sample, the load applied was 561 lbs. 
per sq. i or 386 tons per sq. ft., which is 27 tons less than the fibre stress at the elastic limit of the 
material. 

In Table III., on page 4, the maximum pressure on the keel blocks per sq. ft. when the vessel is in 
the laden condition is 87°9 tons, which is 25°1 tons less than the distortion limit of 638 tons. 

Taking also the extreme case in Table VI. where the pressure per sq. ft. on the aftermost block is 
given as 59 tons, a pressure which is not likely to be encountered in actual docking, this figure is within 
4 tons of the fibre stress at elastic limit of spruce. 

The soft wood capping, if of American white spruce would, therefore, be sufficiently elastic to meet 
all the stresses without “ breaking up ” in all the circumstances referred to in the investigations. 

This analysis will, I hope, strengthen the foundation upon which Mr. Bryden has based his 
investigations, and I have pleasure in thanking him for all the time and energy he has given in the 
preparation of an excellent paper. 


Mr. A. C. Hunter. 


Mr. Bryden’s paper is of unusual interest, as it touches the extremes of theory and practice. 

In assuming the case of a vessel fully laden and supported only by keel blocks, he assumes a con- 
dition so severe that it is very unlikely to be met with in practice, owners generally preferring to delay the 
ship a few days and discharge cargo, as may be necessary. 

On the other hand, should the vessel be in a home port, so that lines plans, etc., are available, the 
author’s assumption that the vessel takes keel blocks and bilge blocks simultaneously, is quite justifiable. 
In this case, however, another practical point to be reckoned with is the question of initial hog and sag. 

A vessel of, say, 400 ft., fully laden, will usually be found to be hogged anything up to 2 in. or even 
more—a factor which depends apparently to a large extent on the class of workmanship put into the 
building of the ship. If the vessel be “ light,” a sag of similar amount may be expected. As a vessel 
does not usually bend in a fair curve, and as thes dslloctions are large in comparison to the deflections 
in the author’s paper, it would be interesting to know what effect the initial “shape” of the vessel 
would have on the author’s stresses. 

_ Finally, it would be interesting to know whether, in the author's opinion, the side shores have any 
influence on the stresses in a vessel’s structure while in dry dock. 


CORRESPONDENCE. 


Mr. W. P. Couurnes. 


We are indebted to Mr. Bryden for his most interesting and able paper on the stresses to which 
vessels are subjected when placed in dry dock. 

In dry docking vessels, it has been my experience to find that every precaution has been taken by the 
ship repairers to safeguard the vessel when in light trim, and particularly so when fully laden, except in 
one case. In this case the vessel was 395 ft. long, having a loaded displacement of about 11,120 tons, 
and had run aground while fully laden, being placed in dry dock in this condition for inspection. 

On examination it was found that no bilge blocks had been fitted, in consequence of the interested 
parties not deeming it necessary. The centre line blocks in this instance were 4ft. 9 in. long and 12 in. 
wide, witha height of 4ft. 9 in., fitted with 1lin. x 3 in. thick soft wood caps, their disposition being 8 ft. 
8 in. centre to centre, with a space of about 2ft. 5in. between blocks. It was quite apparent that through 
the absence of the bilge blocks, and the whole weight being concentrated on the centre line blocks, fa 
keel plate and adjacent strake landings on each side in way of the blocks were set up and strained, 
apart from the damage found in consequence of the grounding. 
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Unfortunately, the Surveyors to this Society are not always consulted before dry docking in such 
cases, and I am of opinion that bilge blocks should be placed and anchored in position on the dry dock 
bottom, with the necessary soft wood capping, prior to docking, and the wedging tightened up by divers 
immediately the keel takes the centre line blocks all fore and aft, the pumping out of the dock in the 
meantime being stopped until the wedging is completed. When this practice has been carried out I have 
never found the keel plating and adjacent plating to have received any damage or undue straining. 

In many cases, extensive repairs have been carried out under my survey without unloading the 
vessel, and when the damage is in the vicinity of the fore peak and forward double bottom tanks, necessi- 
tating the removal of the forward centre line blocks, particular attention should be given to the spur 
shoring from under the shell plate landing in bearing angles to the dock bottom. These should be kept 
under observation at all times, checked with a data batten and tightened up when necessary, otherwise it 
will be found that on completion of the repairs and on sighting the keel, the fore end of the vessel will 
have dropped somewhat out of line. 

As regards the “ Fulda” case, this I remember quite well, having seen her in dry dock after the 
accident. Had the firm who dry docked her been aware of the amount of overhang (97 ft.) prior to 
docking, and made the necessary provision by chocking up the keel blocks forward, the accident would 
not have happened, as her sister vessel was afterwards successfully dry docked by the same repairers. 


Mr. L. R. Gunner. 

Having read Mr. 8. T. Bryden’s paper, “ Docking,” with great interest, it goes to confirm my 
observations and results of actual docking of normal vessels in loaded condition. I have never had any 
qualms when recommending the several vessels in my experience to be docked, because if a vessel is safe 
to withstand the severe stresses and strains imposed upon the loaded structure when labouring ina 
seaway, I can discern nothing against seating that loaded structure on a carefully prepared bed in a dry dock. 

It is essential that the centre blocks be sufficient in number to safely take the weight, with due 
regard to those that come into action first on account of the fore-and-aft trim—this trim can always be 
satisfactorily arranged to meet necessary conditions ; side blocks must be arranged in way of each water- 
tight bulkhead, with exception of collision and after peak ones, and under floors over which boiler 
bearers are placed, on each side of vessel, the wood cappings on these being about 6 ins. lower than on 
the centre blocks, for the reason that as soon as vessels sit on the centre blocks, divers may insert broad 
wood wedges on all the side ones. On completion of pumping out dock the usual double tier of shores 
along sides is made effective, and additional shores can then be placed in position under bottom and at 
ends, shores under bottom being timber under 15 em. thick of such length as to cover not less than three 
frames; the question of blocks under boilers is specially mentioned on account of the localised weights 
where there is no watertight bulkhead between boiler and engine rooms ; any strain on the structure 
would first show itself at this point. 

It is important to have all good condition used wood on all blocks or else all new wood, and not a 
mixture of used and new, and all properly levelled off. 

Mr. Bryden is to be complimented on having presented a most useful paper, as it assists those who 
may have to decide for loaded vessels to be ae eh) and the findings support those who have had to do 
so. It should not be inferred, however, that a// vessels could be safely dry-docked in a loaded condition, 
and every case must be considered on its merits. 

Referring to the quotation from Kipling, “ give and take ” in a vessel is considerable ; one has only 
to watch the action of a plano wire stretched from thrust to after peak bulkhead in tunnel under a tension 
of 150 lbs., with a gauge on each intermediate shaft bearing when vessel is in dry dock, afloat, light and 
loaded, and specially in a seaway, and observe the transverse expansion joints on superstructure decks of 
large vessels, to realise that elasticity is a very real thing in a vessel. ' 

With regard to spacing of blocks, &c., the No. 1 dry dock at Lisbon has 117 blocks (heavy cast iron), 
spaced 1™10 to 1™90 centre to centre, with double horizontal and vertical timber capping (pine) 1°80 long x 
25cm. wide x 20cm. thick, i.e., 4 sections of timber on each. 


Mr. J. Hopason. 

After reading Mr. Bryden’s paper everyone must admire him for his industry in carrying out the 
enormous amount of calculation entailed in obtaining the results given, and I am sure that he must have 
congratulated himself upon the existence of an integraph when attempting the longitudinal strength 
calculations by the ‘trial and error” method. 
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The comparative rarity of cases of serious structural damage to vessels caused by docking under 
normal conditions bears out broadly the general stress results, and of course it might be anticipated that 
the longitudinal stresses in dry dock would not be serious when compared with similar stresses at sea. In 
fact, the repeated successful dockings of vessels, especially those (not a few) with a slight hog in the keel, 
is a fair indication of the very elastic nature of the steel ship’s structure. It is not uncommon to find in 
such vessels that upper decks which are found perceptibly buckled in dry dock are quite fair when afloat. 
These vessels seem to repeat this action at every docking without any very serious results to the structure. 
If, however, the hog in the keel is excessive, the precaution of building up the keel blocks mentioned in 
the paper is desirable. 

With regard to the transverse stresses, one might have expected these to be greater, especially in the 
loaded conditions, and although, as the author points out, the quantitative value of the results given by 
the best known method of dealing with transverse strength is very limited, it is reassuring to find that 
these calculated stresses are comparatively low. Inthe examples worked out in the paper a line of centre 
pillars has been assumed ; but it is quite probable that in the modern cargo steamers, with widely spaced 
pillars and wide frame spacing the results might not be so reassuring. 

The statement in the paper on page 7, that the upper deck stresses would be much reduced by any 
deflection of the centre line pillars, appears to be open to question. 

Probably the most interesting parts of this section of the paper are those giving the keel block 
pressures and the results for the loaded and partly loaded ship. Experience seems to indicate that most 
cases of damage in docking are generally a result of the inability of the bottom structure to withstand an 
excessive crushing pressure of the keel blocks. 

If a keel block stands between two floors the danger of local damage is, of course, greater than when 
the keel block stands under a floor or centre line bracket which reinforces considerably the centre girder. 
A typically bad instance is if the frame spacing should be a multiple of the block spacing with the blocks 
standing between floors; this may be one of the causes of wavy keel landings in some ships, although 
generally the normal block pressures for vessels docking light do not appear to be such as likely to cause 
any local damage to the keel, provided ordinary precautions are taken. 

In assessing suitable docking pressures, however, regard must be taken of the size of vessel as 
giving a criterion of the strength of the bottom structure, and no doubt the statement at the top of 
page 5 might be qualified from this point of view, eg., what might be a safe keel block pressure for 
vessels of the Cunarder type might be excessive for the vessel considered in the paper. 

An interesting and instructive incident happened a few years ago. A number of vessels were built 
with the flat keel as an inside strake, and after the first docking it was found that wherever a keel block 
stood between floors, the keel landings were indented, having been forced up by the outer ends of the 
blocks to allow the centre girder to take the weight. 

The docking of vessels partly loaded is probably more common abroad, it being only necessary in 
cases of emergency when an examination or some temporary repair is required to allow the vessel to 
proceed with her cargo. This operation is always attended by some risk, and dock owners, whilst taking 
the precautions considered necessary, usually do not accept liability for any possible damage. 

In critical cases bilge blocks should always be provided, these being wedged up by divers before the 
water is pumped out and when the vessel has taken the keel blocks, and it is very desirable that the 
vessel should, as far as possible, be on an even keel. It is also often necessary to provide extra keel 
blocks in way of the cargo and bunkers, soas to avoid any excessive crushing pressure on the keel between 
the floors previously mentioned. 

When this is done it is possible that a more favourable support curve is obtained than that given in 
Fig. 5 of the paper under the conditions there assumed. 

Partially loaded vessels have, however, been successfully docked using large bilge shores placed in 
poneer immediately the vessel is dry. This is, however, an unnecessary risk to take, and might result 
in damage. 

It might be interesting to record two cases of successful dockings of partially loaded vessels on keel 
blocks spaced about 4 ft. apart, with more widely spaced bilge blocks. 

(A) Cargo and passenger steamer, 411 ft. x 54 ft. x 28°5 ft., fitted with centre line pillars, and 
having on board about 3,500 tons of cargo and bunkers, evenly distributed. 

(B) Cargo steamer, 401°5 ft. x 53 ft. x 29°6 ft., fitted with centre line bulkhead, and having 
on board about 2,000 tons of cargo and bunkers, distributed over the midship half length. 
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On the subject of bilge blocks I should be obliged to the author if he would be good enough to 
indicate the method, referred to on page 3, which he employed to assess the proportion of the support 
given by the bilge blocks. 

On page 7, the best theoretical transverse position for the bilge blocks is mentioned. It should be 
borne in mind, however, that in docking loaded vessels it is almost essential that the bilge blocks be 
placed in line longitudinally with a fore and aft girder in the bottom, otherwise if the vessel settled 
down with a bilge block under a panel of unsupported plating damage would result. 

In all cases where it is desired to dock vessels in a loaded condition careful consideration must be 
on ie the internal arrangement of the vessel’s structure as well as the most suitable arrangement 
of blocks. 

The first precaution for successful dockings, probably too elementary to enumerate in a paper of this 
kind, yet sometimes the subject of criticism and Fitigation, is that keel blocks should be regularly sighted 
we Mane and the cap pieces frequently renewed. This condition is apt to be neglected in some very 

usy docks. 

Another precaution which might be mentioned is the provision of an ample number of side shores in 
tank steamers, for obvious reasons. 

In conclusion, I should like to add my thanks to Mr. Bryden for his very interesting paper on a 
useful fahieet, and I hope that his desire, expressed at the beginning and end of the paper, will be 
realised. 


Mr. C. H. L. Prprrcs. 


The results of Mr. 8. T. Bryden’s calculations showing the variation of stresses put on a vessel in 
dry docking, from the time she takes the blocks until the dock is dry, must be of the very greatest 
interest to every member of our Staff Association, whether on the ship or engineering side of the house, 
as it is a subject we all are almost daily in touch with. 

In these few remarks I make no attempt to criticise Mr. Bryden’s figures, feeling sure that the time 
spent in working up this fund of valuable information he cannot be far out in his statements. 

Referring to paragraph No. 6 on page 7, I should feel inclined to say that it is never safe to dock a 
vessel fully laden unless bilge blocks could be drawn into a position to take their share of the weight 
immediately after the vessel takes the keel blocks, otherwise damage would be done before the dock was 
pumped out. Soft wood caps would certainly help matters, but hardly eliminate all danger if only fitted 
on the centre keel blocks. The remark about only pumping out sufficient water to give access to repairs, 
or, as I say, draw a tail shaft, so that the vessel’s weight is partly water borne, is of great interest, 
because it is not an uncommon thing to hear it said “That once a vessel takes the blocks the whole 
weight is on the blocks,” even if the water has been lowered only 5 ins. or 6 ins. Of course this 
statement is wrong. 

Regarding the question of docking with trim by the stern, and the weight which comes on the after 
blocks before the keel takes all the blocks, I think some information might have been given as to the 
load coming on the forward blocks when slipping a ship—another way of docking—when it is remembered 
that slipways usually have a very considerable inclination. In docking a vessel on a floating dock it is 
usual to raise the tisk with the same trim as the vessel until the keel is on all blocks before levelling 
the dock up, not on account of overloading or crushing the blocks, but to prevent locally straining the 
dock. Perhaps Mr. Bryden will give us some information at a future date. The information given in 
the tables is most interesting, and I thank Mr. Bryden for his paper. 


Mr. A. G. AKESTER. 


In a paper of this kind one is apt, after reading the introduction, to turn to the conclusions to see 
what has been discovered, and at first one may feel disappointed at finding little new therein. It is only 
when one goes right through the paper, however, that it is possible to value it properly and realise what 
the author has had in mind. } 

In this respect I have one broad criticism to make, and that is that the author has, at the one time, 
attempted both too much and too little, whichever way you may look at it. Too much, if you consider 
that both longitudinal and transverse stresses have been investigated, and yet not enough in the way of 
examples in each case. : pine athe 

Take, for instance, the statement on page 4, that “‘ purely from the point of view of longitudinal 
strength, the fitting of a line of keel blocks under the yessel’s bilges is not desirable, as it increases the 
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maximum shearing force, the latter being experienced in way of the extremities of the line of bilge 
blocks.” This may cover the particular type of ship in the condition taken, but I do not think it would 
apply in all cases. What about the oil tanker which has engines aft and, say, a couple of main tanks 
full ? Surely the additional support of bilge blocks would be an advantage in this case, especially if the 
end of the blocks came in way of the machinery weight. 

One other danger in combining both the longitudinal and transverse aspects of the problem in the 
one paper is that one is apt to compare the resulting stresses, whereas, from the nature of the assumptions 
made, no comparison is possible. 

In passing through the paper I would draw attention to the error in the bending moment given 
towards the top of page 2—this, of course, is meant for 45,100 ft. tons. 

Next, I have a little difficulty in following the method outlined in the paper on page 2 and 
Appendix 1, for the determination of the fore and aft pressure on the blocks. ‘To my mind, some 
confusion has arisen in the use of the word “ assumption,” for it is used not only in the sense of being a 
basic assumption as, eg. “that the spruce capping, being elastic, compresses an amount equal to the 
deflection at any point,” but the same word is used in respect of the various (trial) attempts to get the 
correct form of the curve of pressure or support. If the word “trial” were used in this sense | think 
the explanation would be clearer. Even so, I cannot see how the curve referred to at the top of page 13 
as “this curve” which, presumably, is the curve having as ordinates 1°17, 5°03, &c., given in the previous 
table, is ever going to cover the same area as the resultant support curve starting off with ordinates 
17°8, 22°6, &c. Perhaps the author will be good enough to enlighten me on this point. 

Table I is very interesting and would, no doubt, be a relief to all dock managers on account of the 
comparatively low docking bending moments shown. From Fig. 5 it would appear that Table I, 
condition 3, is a bit misleading when it gives the maximum bending moment as being 29 per cent from aft. 
This may be so, but there is a moment of practically equal magnitude in the neighbourhood of 25 per cent 
from forward, and this should not be overlooked. 

As regards transverse stresses it is again some satisfaction to see that these are not greater in 
magnitude, although they vary in position with those for ship laden, afloat, and hogging. 

It is interesting also to see the helpful effect of the bilge blocks, and that their actual position on 
the bottom in relation to the keel is important, as evidenced in Table V, comparing cases 2 & 8, and 
noting the change in sign of stress in the bottom plating. 

In looking at Table IT, Appendix II, I am struck by the large values of moment of inertia shown 
in the second column, and would like to ask whether these are Pe frame space, and if they should not 
be per foot of frame space. From a further comparison of Table I in the Appendix to my paper (Vol. 3 
of the Association’s Transactions), with Table 1 of Appendix II of the paper now under discussion, it 
would appear that this is so, and would account for the differences in 8, C, & I, and yet the similarity of 


= values. Perhaps Mr. Bryden would confirm this however. 


On the other hand, I am personally much obliged to him for conforming to the arrangements and 
nomenclature of other transverse strength calculations already printed in our Transactions, and not, as 
is so often the case in other Societies, confusing the issue by an entirely different set of symbols. 

In Dr. Robb’s recent book, “Studies in Naval Architecture”, the suggestion is made that the 
unbalanced vertical force, when weight of cargo and structure is not equal to the buoyancy, might be 
left out of account in transverse strength calculations, since the effect of shearing stress is already taken 
into account in longitudinal strength calculations. His argument is, that while this unbalanced vertical 
force does affect the stress on the transverse ring, so also does the longitudinal bending moment which 
is the complement of this shearing force and, therefore, the effect of longitudinal stress ought also to be 
taken into account. He contends that with the shearing force omitted ‘“ the calculation of transverse 
strength would thus be simplified, its value for comparative purposes would not be impaired, and we would 
have a clear, albeit arbitrary, line of demarcation haan longitudinal and transverse stresses.” I should 
like to ask the author whether, from his investigations, he would be prepared to follow this suggestion. 

Now, while I seem to have written a lot, I must admit not being able to furnish particulars of any 
failure of vessels under stress in dry dock, neither from my own experience, nor that of large dry dock 
owners on the Tyne. It would appear that mishaps in docking are rare, and that due provision is now 
made against all contingencies.  ectteramt damage is done through portions of launching ways 
adhering to the bottom when docking, but this causes local damage only. 
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One point is, pera worth mentioning, viz., that with “special steel” ships the writer has heard 
it suggested that the keel plates are too thin, and certainly in one instance the keel was found to be 
distinctly wavy. The small number of these ships, however, may make it difficult to generalise on the matter. 

I must thank the author for giving us the benefit of his extensive research into what is not only a 
difficult but little known subject, and at the same time reviving my interest in the Association’s work, 
which I find, has a tendency to languish at an outport. 


Mr. T. SHaw. 

The publications which I had read on the subject of the docking of ships, prior to the production 

of the excellent paper by Mr. Bryden, appear to have been written after an accident had occurred to 

rove that the docking arrangements had been satisfactory in spite of the fact that the ship was found 
in the dock bottom. As serious accidents in docking have been few in number there is not much 
literature on this subject. 

The results of the calculations in Mr. Bryden’s paper are reassuring so far as stresses are concerned 
over large areas and before offering a few remarks on local stresses may I ask Mr. Bryden if he can give 
us, more particularly, the stress on the bilge of a ’tween deck ship, with the decks supported at the 
centre line only and also with two girders supported by wide spaced pillars at one third of the beam, as 
compared with the single deck type. 

Dry docking a vessel in a loaded condition is usually undertaken in poe ene of damage to the 
propeller, sea cocks, or after touching the ground, not in the case of stranding, and only when the 
opinion has been formed that repairs, if necessary, will be of a minor nature and can be readily effected, 
and I have therefore not considered the case of vessels with extensive damage and unfair keels. Dry 
dock owners in all cases repudiate responsibility for any damage which may occur. The responsibility 
is therefore placed on the owners and incidentally the owners’ underwriters, and while suggestions may 
be offered regarding the precautions which should be taken as far as ever possible to eliminate the 
possibility of damage to the structure generally and/or locally, the arrangements made are usually based 
on the empirical knowledge of the dry dock officials. 

The facilities and conditions for the operation of docking are rarely identical, the operation being 
much more difficult when the dry dock is entered from a tidal river, the entrance to the dock being 
closed by gates, as the vessel must be at rest in a limited time. When a caisson is placed at the 
entrance to the dock or the dry dock is entered from a wet dock, the height of the water in the latter 
being controlled by a lock the vessel can be kept afloat for an unlimited time, thus allowing bilge blocks 
to be placed in position by divers. 

In my experience dry dock officials have not taken into consideration the thickness of the keel plate 
and spacing of frames before deciding upon the minimum area of blocks on which it would be safe to 
dock the vessel, and very little information is available as to the elastic properties of the capping pieces. 

The arrangement and spacing of keel blocks varies considerably. The spacing so far as I have seen 
ranges from 3 ft. 6 ins. to 5 ft. centres, width from 11 ins. to 16 ins. and length from 3 ft. to 4 ft. 6 ins. 

In some cases the blocks are level with the sill throughout the length of the dock, and in others 
there is a rise from the sill to the head of the dock, varying from 1 ft. in short docks, to 3 ft. say up to 
600 ft. in length. 

The rise in the blocks is adopted for two reasons, to give quick drainage to the pumps without 
cutting deep channels and thus reducing the strength of the dock bottom, and as vessels usually dock 
with a trim by the stern the time between taking the blocks aft and forward is reduced by the rise. 

Mr. Bryden confines his remarks regarding the pressure on the blocks to the fact that the average 
pressure per square foot of block does not exceed 33 tons, and the maximum pressure 38 tons in any of 
the three cases considered, and that, as the average docking pressures for vessels of the Cunarder type 
are in the neighbourhood of 34 tons per sq. ft. these figures are in no way alarming in themselves. 

In considering this question, I am of opinion that the calculation should be made on the basis that 
the weight is taken on the keel blocks only, as it is highly improbable that bilge blocks can be adjusted 
under water to take pressure coincidently with the keel blocks, further, that as keel blocks which come 
in way of straps or overlaps have to withstand additional pressure and the adjoining blocks do not take 
an average pressure, also as inequalities always exist both on the blocks and on the bottom of the ship 
that only 90 per cent. of the area should be used in computing the pressures. 

The curve load and compression for spruce cap blocks (Fig. 2) appears to have been plotted from 
results obtained from a specimen piece 3 ins. wide and no mention is made as to whether the piece was 
compressed when wet or dry. 


rr 


A 3352 Tues. Tanen Prom Docky lumersen for I7Hours Prop Te Rerwing Loo 
"B 27%2 Tinex Taxen Feom (Ean« lnrenoen 16 be Usen fae Cap Feces 


‘ei 3&@ -- -do- 


Hie 
paste | 
Fug 
ee! 


‘D Shy -~ -do- | 7 ea 
sieweiiiens oe 7d BPAESES 


TONS PER SQUARE FOOT 


1%" 
is 


> MO[Eq WBLSBI(] 998 ‘go00Id XIg UO $}s0] 4NO polLavo OAT [ 


13 


Two, 11}ins. x 1lins. x 3,’,ins. were taken from forward block in a dry dock, these pieces had been in 
dock for some months, but had not come under a keel, they were immersed 
for about 17 hours prior to testing. 


Two, llins. x 1lins. x 8,gins. taken from planks intended to be used for capping pieces. 
One, 1lins. x llins. x 233ins. taken from planks intended to be used for capping pieces. 
One, llins. x llins. x 23}ins. taken from planks intended to be used for capping pieces. 


In the saturated pieces no cracks or defects were visible, under pressure up to 40 tons per sq. ft., 
but on releasing the load cracks developed, but not to the same extent as in dry specimens, when the 
pressure was released the size was found to be 12ins. x 1lins.x2}3ins. The dry pieces developed 
cracks at about 25 tons per sq. ft. and at 35 tons there were splits for full length. 


Af the cap pieces are to remain in an elastic condition after the vessel has come to rest, and I 
consider it highly desirable that they should be so, reference to the diagram shows that the weight 
should not exceed, say, 25 tons per sq. ft. 


The next factor to be considered is whether the inertia of the structure over the blocks is sufficient 
to withstand the thrust without undue deflection at any part, and the weak point, if any, will be on the 
keel plate midway between the centre keel and the longitudinal seam of plating when the block is 
situated midway between the frames in a longitudinal direction. 


As the keel plate will always receive assistance against deflection from the centre keel, and in some 
cases from the keel and garboard seam, dependent on the position in relation to the edge of the block, it 
seems impossible to lay down a formula which will be applicable to all cases. Treated as an encastre 
girder with a central load of 36 tons, the keel plate being *75 ins. thick, frame spacing 27 ins.— 384 ins. for 
frame flange, the deflection would be about *55 ins. ; increasing the spacing to 83 ins. the deflection 
would be doubled, viz.,:—1°10 ins. 


If the inertia were taken with the thickness of garboard plate included, the deflection would be 
reduced to one-fifth of the foregoing—the extent of the alteration in form, however, would be at least 
midway between the two figures, and it is evident that a load of 36 tons with 83 ins. spacing would 
result In a permanent set. 


The thickness of keel plate and the spacing of frames are the primary factors which govern the safe 
weight on keel block area if permanent local set is to be avoided, and as the thickness of the keel is 
considerably reduced in the new Rules and it is permissible to increase the frame spacing 9 ins. 
over the rule standard, the fact that a vessel of a certain length and displacement has been safely docked 
in the past should not be taken as a guarantee of immunity from trouble for the same size vessels with 
dissimilar local construction. 


The spacing of the blocks is always in excess of the frame spacing—close spaced blocks do not 
eliminate the possibility of local set up except in the reduction of weight per sq. ft., and I consider that 
in the case of modern ships with a flat keel and small rise of floor the line of keel blocks should be 
doubled when the weight approaches 25 tons per sq. ft. 


In response to the request for accounts of interesting practical experience, I have examined a 
number of vessels in partly loaded and fully laden condition in dry dock, and the only damage I have 
seen, due to docking, has been the deflection or setting up of the keel strake in way of some of the blocks. 
In this instance the average weight per sq. ft. on the blocks was about 264 tons per sq. ft. and the frame 
spacing 27 ins. 


The following particulars of observed compressions may prove of interest :— 


Om STEAMER, machinery aft. 476 ft. x 63°83 ft. x 85 ft. Docking draught 10 ft. 3 ins. 
forward and 14 ft. aft. Displacement 7,422 tons. Total bearing surface of blocks = 452 sq. ft. 
Average pressure per sq. ft. on blocks = 16°4 tons. 
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The compression on the blocks was :— 
AFTERMOST BLOCKS. 


SHIP SprucE CAPPING PIECE. CoMPRESSION. 
BEARING 
on. A corral is rid a Spruce. 6 in. Elm. Total. 
Paste ditty gone 1} aft ; a 
Ist block ... 2 ft. wide ... 1°36 28 1: fwd 1# to 12 3 1§ to 1 
2nd ,, «» 1 ft. wider... 79 23 1} 1} 3 13 
ie eae haw = we 1:04 24 1} $ — $ 
4th ,, A 1°12 28 1} 1} } 13 
CAD Listhitecady 1:25 14 i $ a $ 
6th ,, 2 1-41 98 23 t — 3 
a a vag a Slighton*| 
Tt yyy eee ss wabs 1068 2§ Igto2 | 13to§ | seer side. | 18 


* The elm block was split in way of outside keel strap. 
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* Outside keel strap. 


_ The remainder of the blocks under the flat of the bottom (clear of straps) were ge toa about 
tin. It will be observed that when the compression on the cap piece reached 1 in. the elm under the 
cap was locally compressed. 


THREE-IsLAND STEAMER, one deck, machinery amidships. Displacement 11,100 tons. 
Toe bearing surface of blocks 404 sq. ft. Average pressure per sq. ft. on blocks 27°47 tons per 
Sq. 


I have no details of the compression at the fore and after ends; under the flat of the bottom the 
compression was just under 1 in. on 3 in. capping pieces. 
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If the effective area of the blocks be taken as 90 per cent. of the total, it will be observed on 
reference to the foregoing Diagram that the compression is practically in agreement with the result 
obtained from the saturated test piece. 


Mr. G. L. Brown. 


Mr. Bryden deserves congratulation for the patient industry as well as ability that he has displayed 
in the preparation of his paper. The work involved has been immense, but I cannot but wonder whether 
the results are commensurate with the labour expended. 


This seems to have been inevitable. An investigation depending upon so many assumptions can 
only have a comparative value—as he repeatedly admits. Yet he only deals with one ship, and there is 
no other to compare with. Of course, he gives figures for stresses met by the same ship when afloat in 
various conditions of loading and waves, and comes to the conclusion, which is absolutely confirmed by 
experience, that the stresses on the vessel’s structure developed by ordinary methods of dry docking are 
much less than those encountered by the ship in her ordinary sea-going service. 


In my own experience I have only met with two cases in which a vessel had admittedly been 
damaged in dry docking. One was a loaded cargo vessel docked abroad hurriedly after a collision, which 
had the keel plate slightly set up in way of a number of the keel blocks. In this case it was stated the 
blocks were about six feet apart with no soft wood caps. 


The other was an oil tanker, in which similar damage was found, especially forward. In this case 
the vessel had been docked abroad without soft wood caps, and probably with one or two forward tanks 
filled to correct excessive trim. This is quite a common practice with tankers, and I have never found 
a case of damage due to the practice in vessels docked in my own district. 


But I have been told there have been cases, and one of the largest firms of tank tonnage owners 
now specify that when forward tanks are filled for trim they must be run out as soon as the vessel takes 
the blocks—pumping out of the dock being suspended till this is done. 


When vessels are docked in a fully loaded or approximately loaded condition—not at all a common 
thing—the only precautions taken are careful alignment of the blocks with new caps, closer spacing of 
blocks, and an increased number of side shores, usually two tiers. Bilge blocks are not fitted until the 
vessel is dry—the fitting of them then being, in my opinion, a locking of the stable door after the horse 
has been stolen. If any undue stress is ee eS requiring bilge blocks, the mischief is done before 
the bilge blocks are fitted. 


I have heard of cases in which a vessel docked with excessive trim has are the aft keel blocks, but 
have met no cases in my own experience; as a rule a number of keel blocks at the aft end are kept 
“cribbed ” to increase their stability. 


The general conclusion to which my experience and observation have led me, is that dry docking 
of vessels is an operation presenting no serious problem to the Society, to owners, or dry docking firms. 


_ When one remembers that thousands of vessels are docked every year, and that mishaps are so rare, 
it would appear that the methods used may be considered satisfactory. 

Of course, the precautions given in Mr. Bryden’s conclusion on Page 10, and there described as 
obvious, are usually taken. 

Vessels are trimmed upright—heavy weights of old cable, shafting or scrap being kept handy for 
the purpose. 

Ships with excessive trim presenting themselves for dry dock are put back for ballast alterations or 
until the blocks are specially prepared. 


Half-filled ballast tanks are barred. Soft wood capping, as far as I can gather, is almost universal 
in this country, but not in every case abroad. 

As I have said, the fitting of bilge blocks is usually left till too late to do any good, except in the 
case of tankers, where extra blocking and shoring is done from tank to tank as the tanks are filled for 
testing, or when a number of keel blocks are removed for damage repairs, the support is made up with 
bilge blocks and shores. 
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I may say that though I know no ordinary dry dock that is fitted with sliding bilge blocks with the 
top block capable of automatic thwartship tilting to fit the rise of floor and worked from the dockside, 
yet I have been told there are such. Some floating docks have apparatus of this kind, and 1 am of 
opinion that these would be of advantage in the docking of loaded vessels by being in place before the 
bn Mine dry, while, if properly arranged, they would enable vessels to be safely docked with little or no 
side shoring. 


I am, however, advised by dry dock managers that bilge blocks of this kind are a ible source 
of damage. As the full settling down of the vessel on the soft wood caps of the keel blocks takes an 
appreciable time, and these bilge blocks are fitted before the dock is pumped out, the bilge blocks may 
take an undue amount of the load and dent the bottom. This is all the more likely to take place if the 
bilge block does not come under a frame or bulkhead and it is not possible to be sure that the ship can 
te so accurately placed as to ensure the blocks being in the intended position with regard to the 
rames. 


Mr. R. D. Carrns. 


I am sure we are all much indebted to Mr. Bryden for his very able paper on “ Docking : Stresses 
and Stability,” and it will relieve the minds of a number of us to know that we are reasonably safe with 
due precautions to recommend docking of loaded ships without having them subjected to undue strain. 
This is a point which in some cases greatly exercises the minds of shipowners and their superintendents, 
and I am sure Mr. Bryden has helped us all. 


In docking loaded ships it is customary to increase the thickness of the soft wood capping on the 
keel blocks, to fit bilge blocks in way of the bulkheads at the line of the intercostals. The bilge blocks 
are set in position, and as the water leaves the ship in the dock a diver fits the caps and wedges on these 
blocks ; in addition, an extra row of side shores are fitted, the usual row at about 6 ft. below the deck and 
the second row 6 or 8 ft. below these to suit the altars on the dock side of course and varying with the 
size of ship. Spur shores should also be fitted in way of any overhang forward or aft. 
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A more difficult case arises at times when extensive repairs are in progress to the bottom plating, 
frames, floors, &c., as in some cases the structure has to be shored from the dock bottom to the tank top 
and alternate floors taken out and refitted before the others are removed. Shores with angle iron caps 
are also fitted to a shell landing edge on each side in way of the unsupported portion if no bilge shores 
can be fitted. When this damage occurs in way of the E and B space great care must be taken to 
efficiently support local weight by shoring to the tank top and sides. As all such cases vary according 
to the extent of the work in progress each must be dealt with on its merits. Some dry dock managers 
always fit additional side shores in way of the bunker spaces where a vessel is docked without cargo, but 
with her side or cross bunkers full. 

One case of tripping of blocks I remember occurred in the United States, when a large oil tanker 
was docked for extensive fire damage repairs. This vessel was a very neat fit in the dock, and was put 
right up to the top of the dock with her stem in a groove touching the dock end. As the water left 
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the vessel, the stem which was just held in the groove slipped, and she tripped all the keel blocks, causing 
considerable damage to the bottom plating and breaking the stern frame. The blocks in this case were 
not bound together in sections fore and aft. 

The docking of a loaded ship on a floating dock is as a general rule quite safe, as in most floating 
docks there are very good sliding bilge blocks provided in addition to the keel blocks. 

So far I have never had anything happen to a loaded ship whilst in dry dock, and have not heard of 
any such ship having shown any sign of straining whilst having been in service after having been 
docked in a loaded condition. 


Mr. G. L. Lyne. 


This is a most interesting and instructive paper, and is given to us in a very thorough manner. 

To outport members the Mea is of particular value, for in many districts old-fashioned ideas and 
rules of thumb are still adhered to, and what is good for one vessel is used for all. 

The described details of docking of various vessels are most interesting. It is not my purpose to 
criticise, but merely to add some remarks. 

The author appears to give little consideration to the value of side-shores, particularly when vessels 
are placed in dry docks which have only one side, which is the case in many ports. Vessels docking in 
such docks are usually given a 2° list towards the wallside. Side shores have been known to break under 
excessive pressure. 

If the tanks of an oil tanker are tested when the vessel is in dry dock it is necessary for the ship- 
wright to give constant attention to side shores. The vessel’s sides in way of tanks under pressure have 
a tendency to move slightly outboard, and shores immediately adjacent to the tank or tanks which are 
being tested slacken considerably. 

Many vessels while undergoing extensive bottom repairs are partly suppoited by side vertical shores, 
centre blocks and sometimes side blocks are removed to effect repairs, when centre and side blocks are 
removed vertical shores are fitted to the deck and rest on the dock bottom. 

Of the large number of vessels dry-docked annually only a very small percentage show any visible 
sign of stress, the stresses sometimes observed are chiefly on the decks amidships. 

Few, if any risks are taken with that deadly enemy “free water;” tanks are either full or empty 
when docking. J am of opinion that much time is wasted and expense incurred to owners owing to the 
lack of knowing what a particular ship or ships can stand up to. Ship Masters usually insist on their 
vessels leaving dry dock with tanks full if they entered in that condition, tanks for specific reasons may 
have been pumped out in dry dock, and it may cause delay and expense refilling the tanks when the 
vessel would be quite safe to undock without water in all tanks. 

The case of an oil tanker, dry-docked and repaired a few months ago, may be of some interest. The 
vessel grounded with 10,000 tons of petrol on board. It was soon realised that she had sustained 
considerable damage, about 2,000 tons of the cargo being lost owing to damaged plating and to fractures 
in the plating at various points in way of midship cargo tanks. 

The remaining cargo was eventually pumped from the vessel and it was then known that her “back 
was broken.” 

After being salved the vessel was placed in a dry dock for an examination as to the extent 
of the damage. 

(1) Graving dock blocks consisted in this case of cast iron wedge type 24ins. high, mounted 
with two 12+12 elm blocks capped with dins. white pine, the blocks being spaced 2ft. Gins. apart. On 
account of the vessel’s cargo (which was petroleum spirit), it was impossible to survey by diver before 
docking. The vessel was taken into dock, and water was pumped until the vessel took the blocks when 
she was shored. The water was then slowly pumped out of the dock. When the water reached a level 
of about 2ft. above the top of the blocks it was noticed that a considerable quantity of cargo which had 
remained in the ship was running out though the bottom. Pumping was then stopped in order to 
arrange a special discharge from the dock pump to take out the oil, and so avoid contamination of the 
water in the surrounding wet docks. 

(2) After removal of the oil from the dock, blocks were fitted up under the set up, right across the 
vessel to support the damaged part of the ship, and the keel plates from 49-56 frame and from 65-68 
were packed up hard with wedges. (See sketch) 
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It was noticed, on examination of the keel, that the after end of the keel had settled down and cut 
through the cap and top of the block to the extent of four inches, that the forward end of the keel 
under the aft deck had settled down into the cap and top block for three and a-half inches. 


For the permanent repairs it was found to be necessary to move the vessel to another dry dock. 


Before this was done the deck and side plating in way of the fracture at the aft bulkhead of No. 5 
was partly cut away in order to enable six joist sections to be fitted to the deck, three to each side, and 
one joist and one channel to each sheer strake on port and starboard sides, as per sketch below. 
Nos. 1, 2, 8, 9 and 10 tanks were tightened on the bottom. 
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The vessel was ballasted by filling No. 1 tank, fore deep and fore peak, she was then floated. 


Before dry-docking for permanent repairs the two sets of main engines were removed, weight of 
engines being approximately 500 tons. Vessel was then placed in the second dry dock on blocks of similar 
type to the first dock, but spaced only 30 ins. apart, but at each end of the vessel where the keel had cut 
through the blocks at the previous docking, the dock blocks were capped with hardwood caps, 
intermediate blocks being fitted to make this part solid. 


Immediately the vessel took the blocks, the temporary girders were let go and vessel allowed to 
break down in way of the damage so as to leave as much of the keel as was fair, i.e., from 13-46, 
68-stem, to lie fair on the properly set keel blocks. The same procedure for shoring up the damaged 
part was again carried out, and the damaged part of the vessel entirely from the centre part of No. 3 
tank to the after end of No. 7 tank was cut away, leaving the two ends quite free without any 
connections whatever. 


It was found on sighting the forward end and the after end of the ship that the stem and stern 
posts being in line, the bulkhead at frame 68 was over to starboard 1} ins., and that the forward part 
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of the after section at bulkhead frame 53 was over to starboard 2ins. In addition, vertically both 
sections had a list to port, the after end of 1}ins. in the top of the tank, the stem and stern being 
secure in their positions. The vessel was specially supported by means of wedge bilge blocks and shores. 
The two ends of the vessel were placed in line by fitting bilge blocks and spare shores from the dock, 
these spare shores being between at about 5 degrees to the horizontal. The weight was then taken off 
the centre line leaving the ship floating practically, the weight being only held on the bilge blocks. 
The angle of the spare shores was then reduced, which carried the ship into the position required, i.e., 
the four points, two forward and two aft, all in line. The vessel was then checked and all parts sighted 
by means of six vertical sights on the keel lines, six horizontal sights on the keel lines, together with 
sights-on the deck, set off from the centre line. Moulded depths were measured at various lengths, port 
and starboard. In addition, water level gauge sights were fitted at the deck on the two ends of the 
vessel to check each end. 


After these operations the keel blocks under the good part of the ends were checked to line. Keel 
blocks were laid right through and reconstruction commenced. Whilst fairing of the ends was in 
progress, the new steel parts of the vessel were being made so that immediately the ends of the vessel 
were found to be in line and fair, it was possible to put in the lower vertical plate and the fore and aft 
bulkheads and the keel plates in way already riveted together, and immediately erect all thwartship 
bulkheads in place. 


On completion of reconstruction the sighting was again carried out on the same positions as before, 
the vessel was then found to be as built, with this exception that the length through the set up and 
confining the ends on the dock blocks when docking was shorter by 8} ins. 


This would account for the vessel going through the blocks on the first docking when no doubt she 
was bending back to her original length. 


As far as could be seen during the examination of the structural parts and whilst testing, no 
apparent signs of excessive straining were observed forward of No. 3 tank or aft of No. 9 tank. 


Mr. R. O. BatcHeror. 


Although Mr. Bryden’s interesting paper was written principally to promote discussion and also to 
afford an opportunity to members of giving the Association the benefit of any experience which they may 
have had in the failure of vessels under stress in dry dock, and although I have nothing to comment in 
either direction, I feel that it would be of interest to relate a unique method of docking. 


A vessel, from five to six thousand tons deadweight, was driven on to a flat rock in Japan during a 
typhoon. She was dry at low water and partly submerged at high water, and lay with a list of 54° to 
starboard. The depth at high water was 4 ft. 6 ins. at stem and increased to 11 ft. at the stern. 


The owners, who had a shipyard some twenty miles away from the stranded vessel, decided to lift 
the ship bodily by means of jacks, and repair her. ‘They first constructed a concrete wall 4 ft. wide 
by 8 ft. high on each side and for her whole length, 31 heavy steel brackets were fitted to shell 
plating at each side (these brackets were spaced equidistantly and the shell in way doubled) in way of 
ve stringer on starboard side (owing to the inclination) and lower stringer on port side and oil jacks 
of 200, 100 and 50 tons were placed between the walls and brackets. It was calculated that during 
jacking operations, first of all, to remove the inclination, that the vessel would be moved bodily in a 
thwartship direction as the jacks on the starboard side were inclined towards the vessel at a considerable 
angle with the vertical and she would turn on the timber support under the port bilge as a fulcrum. 
For this reason the port wall was built at a position 6 ins. and the starboard wall 3 ins. from the ship’s 
side. 

Before jacking operations were started it was necessary to shore up from inside in way of all 
brackets except those at bulkheads. Shores of 12 ins. diam. were set up to under sides of stringers at 
the position of the brackets, the weight at heel being taken by heavy beams placed fore and aft at feet 
of port and starboard rows of hold pillars. The power was applied to the jacks on the starboard side 
and at this first operation the inclination was reduced from 5°1° to 4°6° ora lift of 4hins. After 10 
lifts, each being approximately 5 ins., and which took 6 days, the inclination was removed. During the 
latter part of righting operations heavy-weighted wood blocks were fitted under the bottom at starboard 
side, and wedges were driven in at the times of lifting to minimise the weight taken by the brackets. 
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After the vessel had been righted the jacks on the port side were operated and a lift of 6 ins. 
registered. These operations were carried out to port and starboard sides alternately and whilst jacking, 
wedges were driven between ship’s bottom and blocks until the vessel had been lifted 13 ft. 


The rock on which the ship grounded was then built up to afford a dry “dock bottom” at high 
water, and after this was done, the vessel was repaired. Rocks on the port side were cut away and 
levelled, sheds were erected, and pneumatic plant, punching and sheering machines, rolls, etc., installed 
and driven from the main boilers of the vessel. 


After the completion of repairs, the necessary inclination of the keel was adjusted for launching 
(the weight being taken as before by the brackets)%steel plates were then laid on the “dock bottom” at 
port and starboard sides, launching ways built and the vessel successfully launched. 


REPLY BY THE AUTHOR. 


Before replying in detail to the discussion, I should like to correct certain errata in the paper 
itself. 


In Fig. 6 the upper deck beams should be 104 ins. x 3} ins. x ‘54 ins. and not 8 ins. x 3 ins. x ‘38 ins. 
as shown, and the hold pillars should be 6 ins. and not 4 ins. In the second paragraph, on page 2, the 
maximum bending moment should read 45,100 foot tons and not 451,000 foot tons, and in the first 
paragraph, on page 5, 7ft. 1}ins. should be substituted for 8ft. 14ins., as pointed out by Messrs. 
Akester and Shepheard, respectively. 

An error has been found in the transverse strength calculation for the hogging condition, which 
considerably modifies the curves of bending moment and stress for this condition. A new figure, No. 1, 
is therefore given, which should be substituted for Fig. 18 in the paper, and the last lines in Tables IV. 
and Y. should therefore be modified as follows :— 


HoG@ine ConDITION: AFLOAT, LADEN. 


Table. Bridge Deck. | Upper Deck. ae Side framing. Bilge. fans: 
IV. (B.M.) 3°4 385°3 21°5 56°8 80°0 96°3 
V. (stress) 2°3 8°5 70 ake 10°8 17 


It will be seen that the stress in the ’tween decks framing (which caused some comment in the 
discussion) is greatly reduced, though the stress at the bilge is increased. 


Mr. Thomson suggests that the results of the longitudinal strength calculation appear to depend 
on the nature of the first assumed support curve. This is not the case, for, by the method outlined on 
pages 2 and 3 of the paper, the same final support curve would be obtained whatever the form of the 
original assumed support curve. Any errors in the latter produce corresponding errors of an opposite 
character in the the first resultant support curve obtained ; and by drawing a new assumed support curve 
as a mean of the first assumption and its resultant support curve, and applying the method described, a 
new resultant curve is obtained in which the errors are largely eliminated. Repetition of the process 
will finally give two support curves bearing a very close resemblance to each other. 


With regard to the shape of the support curve with blocks at both keel and bilges (shown in Fig. 5), 
it was assumed that the rows of blocks under the bilges took up a considerable share of the total load, so 
that the pressure on the keel blocks would be greatly reduced. (See also reply to Messrs. Dorey and 
Hodgson.) Mr. Thomson’s comment on the pressure on the after block is probably answered by 
Mr. Shepheard’s contribution, in which he has pointed out that the ship would actually be resting upon 
several blocks at the after end rather than upon a single block (owing to the deflection of the keel and 
the compression of the blocks) by the time a pressure of the magnitude stated was exerted. 
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Mr. Dickerson is of opinion that the method of finding the longitudinal 4 ani curve given in the 
paper is of doubtful value, because the properties of spruce are so variable. I maintain, however, that 
any method which takes into account the non-rigidity of the hull and the compressibility of the sup- 
ports, although only approximate, is bound to give better results than a method in which either hull 
or blocks are assumed rigid. He is right in presuming that the modulus of section of the vessel was 
taken clear of the deck openings in obtaining the stresses. This would account for the difference 
between the stresses for the conditions afloat given in this paper and in Mr. Thomson’s paper of 1921. 
As, however, the modulus has been taken in the same way for each of the conditions in this paper, 
the comparison between the latter still holds good. Mr. Dickerson’s contention that only the sectional 
area of the rivet material in one frame space of the shell should have been included in the transverse 
strength calculation is a refinement, probably as correct theoretically, without giving numerical results 
any nearer the stresses actually experienced, for the reasons given in the seventh paragraph of page 7 
of the paper. Here again the comparison holds good between the seven transverse conditions investi- 
gated in the paper, and these results may also be compared with those obtained by Dr. Bruhn and 
. Akester in their work on the subject. 

Mr. Watt appears to have little faith in the value of bilge blocks, as he considers that the vessel 
seldom bears on them. If, however, they are hardened up by a diver before the water is pumped out, as 
described by Mr. Cairns and several other contributors, they will perform their duty satisfactorily. He 
eye emphasis on the importance of side-shores in docking a vessel of doubtful stability. This, indeed, is 
where side-shores are of paramount importance, except also for supporting the sides of a vessel which 
contains a cargo which exerts a pressure on the side-shell, ¢.g., oil, grain, coal, or water. (See Mr. Lyle’s 
contribution). 

With regard to Mr. Collinson’s question, the number of keel blocks which one may safely remove 
for access to keel repairs, depends on the precautions taken to provide alternative support in the form of 
bilge blocks, bilge shores, spur shores, and supports under the inner bottom, and bulkheads or decks, 
with special support under machinery and boilers (see Messrs. Cairns’ and Lyle’s contributions). The 
above, of course, applies to vessels in the light condition, as extensive repairs to the bottoms of vessels in 
the laden condition are unlikely to be undertaken. 

Mr. Shepheard’s comparisons of the transverse stresses obtained in the paper with those obtained by 
Dr. Bruhn and other investigators are interesting. He will find a somewhat closer resemblance in the 
case of the stress at the centre of the 2nd deck of the two-decked vessel shown in Fig. 2. 


Mr. Dorey will find on page 8 of the Paper that the proportion of the weight borne by the two rows 
of bilge blocks was taken as being such that the keel blocks had only to support about 45 per cent. of the 
weight of the vessel in that length supported by the three rows of blocks. This Alder depends, as 
Mr. Dorey states, on the extent to which the bilge block wedges are hardened up, and is therefore 
really indeterminate. For the purposes of the paper, however, it was necessary to adopt a definite 
figure, and this was arrived at by the method outlined in my reply to Mr. Hodgson. 


No attempt has been made in the paper to determine the stresses on the vessel at individual 
sections a few feet away from the end bilge blocks, other than the maximum shearing stresses, which 
would occur at those points. These were obtained from the ordinates of the shearing force curve by 


means of the usual formula gq = i 


I shall try to reword the description of the basis of the longitudinal strength calculation in a 
manner perhaps more acceptable to Mr. Dorey. The pressure on the blocks at any point bears some 
relation to the extent to which the vessel’s keel has sunk into them. This amount in turn depends 
upon the deflection of the ship under the influence of a certain load and the resisting power of the 
blocks to compression. The load in question is due to the difference in the distribution of the weight 
of the vessel and that of the support given to the hull by the blocks. Now, the pressure on the blocks 
and the support given by the latter are equal in magnitude at any point, and therefore the end aimed at 
in the paper was to obtain—by trial and error—a curve of support and a curve of pressure identical in 
form and magnitude. It is readily admitted that the results obtained are only approximate. 


Mr. Blocksidge’s description of the effect of changes of temperature on the hull of a vessel in dry 
dock is very interesting, and it would certainly appear to be a necessary precaution to overhaul the 
wedging of the side shores from time to time to see that each is taking its proper share of the side- 
support. His figures regarding the safe crushing-strength of spruce are reassuring in view of 
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Mr. Watt’s somewhat pessimistic views on the subject, but rather optimistic when compared with 
Mr. Shaw’s test results. 


Mr. Hunter’s speculation as to the effect of irregularity in the initial shape of a vessel’s keel when 
docking is a legitimate one. Unfortunately, I have not had time to work out an actual example, but 
Mr. Hunter may take it that though an initial hog would probably mean increased stresses, these for 
any moderate initial deflection (like 2 inches) would not, in the light condition, be at all serious. Side- 
shores have little influence on the stresses in a vessel’s structure, unless the vessel is laden with a cargo 
which exerts pressure on the sides, in which case the side-shores form a valuable support. 


The next contributions are from the outport members. These are really of more value than the paper 
itself, and are especially welcome because they are founded on actual experience. 


Mr. Collings quotes an actual example showing that bilge blocks really are necessary when docking 
a laden vessel, and adds another to the list of docking precautions to be observed, viz. that when 
repairs are being undertaken to the forward end of a vessel. 


Mr. Gunner gives a graphic description of docking operations, and emphasises, with Messrs. Col- 
lings, Hodgson and Cairns, the importance of having the bilge blocks hardened up by divers to bear the 
vessel before all the water is pumped out of the dock. The importance of having all capping blocks 
as nearly as possible in the same physical condition is also worthy of note. 


Mr. Hodgson confirms my statement to Mr. Hunter that initial hog in a vessel’s structure is not 
very serious when docking. I must admit to him that I was myself surprised at the moderate 
values of the transverse stresses given by the calculations for the laden condition. Since writing I have 
made further calculations for a two-decked vessel and the results of these (given later) will perhaps 
interest him. I quite agree with his qualification of my statement at the top of page 5 (regarding safe 
keel block pressure), and admit the danger of local stresses through the blocks which support a laden 
vessel being situated at points not reinforced by the internal structure. The method adopted to decide 
the distribution of the support between keel and bilge blocks, referred to on page 8 of the Paper, was as 
follows :—A length of the vessel was considered equal to the spacing of the bilge blocks, and each side 
was regarded as a cantilever fixed at the centre line, loaded by the cargo and the weight of the structure, 
and free to deflect. The amount of deflection at a distance from the centre line of the ship equal to 
that of the line of bilge blocks (assumed for the moment not fitted) was obtained by integration, and 
then the magnitude of a force acting upwards, which would just remove this deflection, was determined. 
This force was then taken to be the amount of support given by each bilge block. 


Mr. Pilditch will see from several of the contributions that it isa common practice of divers to 
adjust the bilge blocks immediately a vessel has taken the keel blocks. With regard to the pressure on 
the forward block when slipping a vessel, the problem is very similar to that of determining the pressure 
on the after block when see a vessel with trim, only in the former case the “trim” will be the 
inclination of the slip less any trim by the stern which the vessel may have. Docking a laden vessel by 
means of a floating dock is, of course, much more satisfactory than by means of a dry dock, because, as 
Mr. Pilditch states, the dock may be given the same trim as the vessel, and floating docks are often fitted 
with bilge blocks which may be adjusted mechanically to the vessel’s bottom. 


Mr. Akester’s difficulty regarding making the “pressure distribution curve” at the bottom of page 
12 cover the same area as the resultant support curve on page 13, may be removed when it is stated that 
it is only the curved contour of the former curve which is laid ove: the assumed support curve, 1.e., the 
rectilinear bases of the two curves are not expected to coincide at all. As regards Appendix II., the 
ring of the vessel considered in making the transverse calculations was taken as having a length of one 
frame space, and therefore the moments of inertia in Table II. are also those for a frame space, and not 
for one foot, as he suggests. J am not inclined to agree with Dr. Robb’s contention that the shearing 
force should be excluded from transverse strength calculations, as the moments due to this force are often 
very high indeed, and to omit their effect would be to obtain results which could not fairly be compared 
with those of earlier investigators. It also appears to me that unless the vertical forces are in equilibrium 
the “principle of least work” would fall to the ground, and unless the local shearing force on the ring 
of the vessel were included equilibrium could not be attained. “Mr. Akester’s suggestion that the 
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reduction in the thickness of keel plates of “special steel” perhaps renders them more liable to damage 
at docking, brings us back again to the question of local stresses enlarged upon by Messrs. Hodgson and 
Shaw. 


Mr. Shaw’s is a most valuable contribution, and his curves showing the test results on spruce 
capping are very interesting. I wish I had had them before commencing the paper, as Commander 
Gayhart’scurve differs widely from them. The tests performed by Commander Gayhart were apparently 
made upon wet spruce, although this is not quite clear in his paper. With regard to Mr. Shaw’s tests, 
it is interesting to note that the saturated test pieces stood 40 tons per sq. ft. without serious visible defects. 
Mr. Blocksidge gives 63 tons per sq. ft. allowing a factor of safety. The elastic limit of all Mr. Shaw’s 
test pieces, both wet and dry, is remarkably near 25 tons per sq. ft., and I therefore quite agree with 
him that, when estimating the area of blocking required to dock a vessel of given weight, special 
precautions should be taken when the estimated docking pressure approaches that value. 


As Mr. Shaw points out, the reduction in the thickness of keel plates and increase of frame spacing, 
now permitted by the Rules, makes the problem of local stresses, when docking in a laden condition, 
one demanding special consideration for each vessel. 


Mr. Shaw’s actual measurements of the compression of the blocks at the ends of a vessel are 
interesting, in that they show to what a large extent the compression of the blocks is confined to the 
spruce capping. They also show that the properties of different pieces of spruce are very variable, 
although the effect of overhang (allowing for the different bearing widths on the blocks) is distinctly 
visible. With reference to Mr. Shaw’s question regarding the stresses on a two-decked vessel, I have 
made calculations for such a vessel in the laden condition supported on a line of keel blocks only 
(i) having a single row of pillars at the centre line, and (ii) having two rows of widely spaced pillars 
supporting girders under the deck. The bending moment and stress curves are shown in Figs. 2 and 3. 


The following Table gives results which may be compared with those in Tables IV and V. 


’Tween- 
Pillaring. Upper Deck.| 2nd Deck. Decks 
raming. 


Side r Bottom 
framing. Bilge. framing. 


Bending Moment: Ft. tons 
1 row of pillars... ... 56 


2 rows of pillars ... ... 16 


Stress : Tons/sq. in. 
1 row of pillars... ... 33 


2 rows of pillars... ... 17 


The investigation was made (for simplicity) at a point clear of the bridge deck. It will be seen 
that the stresses are higher than those given for the single-decked vessel in the paper (Condition 2), and 
that the fitting of two rows of pillars, while making little difference to the stresses in the other members, 
considerably reduces those in the 2nd deck. 


Mr. G. L. Brown wonders if the results of my paper are commensurate with the labour expended. 
On reading the various contributions to the discussion, which are, of course, the most important of all 
results, I unhesitatingly say that they are. I think that the practice of pumping out ballast from the 
tanks of oil-tankers when they have taken the blocks is a very wise precaution. If bilge blocks are 
fitted after a fully-laden vessel is dry, I quite agree with Mr. Brown’s stable-door simile, but it is 
always possible to adjust these by divers, Peeks Messrs. Watt and Shaw do not consider this method 
very efficient. Mr. Brown’s reference to a vessel with excessive trim upsetting the after blocks, reminds 
me of a personal experience ona tanker. Probably owing to her low GM with some of the summer 
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tanks full and the pressure on the after blocks due to excessive potential trim, she lolled over, when 
about to refloat, scattering side-shores and the after blocks, which were not cribbed. 


Mr. Cairn’s description of the docking operations in the case of a laden vessel is instructive, and his 
reference to the extra line of side-shores and the spur-shoring at ends should be especially noted, also 
the precautions to be taken in cases in which the keel must be left unsupported for any considerable 
length. 

Mr. Lyle mentions yet another important precaution, viz., the constant necessity for examining the 
fit of the side-shores supporting a tanker during testing operations. I quite agree with him that it 
would be quite safe for many vessels to leave dry dock with all their tanks quite empty, the GM _ being 
often at its maximum value in the light condition. It is simply a question of knowing the individual 
ship’s hydrostatic properties. Mr. Lyle’s description of the docking of the oil tanker is most 
interesting. 

It is only rivalled by Mr. Bachelor’s account of the salving of the Japanese ship, which makes 
very fascinating reading. Lifting a 6,000 ton deadweight vessel vertically through 18 feet is no mean 
feat. 

In conclusion, I heartily thank all those who have kindly criticised and enlarged upon my paper, 
and tender special thanks to Mr. Watt for his kind and successful help in promoting so fruitful a 
discussion. 
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SOME NOTES ON NEW PROCESSES AND ALLOYS 
IN CAST METALS. 


By W. COWIE. 


READ 12TH DECEMBER, 1928. 


_ Developments in all branches of industry, witnessed during the last few years, have been remarkable 
in comparison with progress made in former periods. We are, at the same time, witnessing the keenest 
competition, both nationally and internationally, but along with this there is a pooling of knowledge as 
never before. 


The value of research establishments have been recognised by manufacturers, and the initial outlay 
expended on their equipment and maintenance has been fully repaid. In the allied industries of 
engineering and shipbuilding, metallurgists, foundrymen, and engineers are working in close collaboration 
in an endeavour to produce greater efficiency in the manufacture of materials which the claims of 
progress demand. The introduction of the internal combustion engine and geared turbine has created 
the demand for greater reliability in materials to withstand higher speeds and heavier stresses. 


It was, in consequence, thought that a few notes on some of the new processes and alloys, as observed 
in daily practice, would be of interest and be the introduction to a discussion from which we would all 
benefit. 


Whilst a variety of new alloys, both ferrous and non-ferrous, are making their way in engineering 
practice, cast iron still continues to hold its own as the “beast of burden.” The ease of casting it into 
any desired form, and its low comparative cost, has been a continual recommendation for its inclusion in 
most structures. However, it is really a very complex material, and the study of its characteristics and 
complexities have had a prominent place in the technical press of recent times. The demand for tough 
reliable iron castings with the introduction of the heavy oil engine have been insistent; for it was readily 
seen that on their ability to be produced rested the successful development of this type of motor; and it 
is to the foundryman and metallurgist, no less than to the engineer, that the success of the large Diesel 
engine is due, 

The types of metal most suitable for heavy oil engine castings are those known as the “border line 
irons,” having a chemical composition which, with small variations in other conditions, would be either 
white or grey, according to the direction in which these other conditions of initial temperature and rate 
of cooling varied. The investigations and experiments carried out in this country, on the Continent, and 
in America, have met with considerable success, inasmuch that we are now getting a much superior casting 
—whether it be under a patent process or the general practice of individual firms—than was the case 
some years ago. 


Several patents have been granted protection in this country for the manufacture of what is generally 
termed high duty cast iron. Their general adoption by foundrymen here, however, so far as can be 
learned, is limited to two, namely, the “ Perlit” and ‘“‘Emmel” process; both of which aim at an entirely 
Pearlitic structure in the iron. Other processes which are the subject of patents are the Corsalli, Ardelt, 
Meehan, Hahnemann, and Schuz. There has, too, been a good deal of discussion in the press and learned 
societies, on the merits of adding nickel, and/or chromium, to cast iron, and whilst this matter is one on 
which metallurgists here are not nearly agreed, very substantial improvements in the properties of the 
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material due to the presence of even small additions of these remarkable metals to the mixture, is claimed 
by engineers and foundrymen in America. The observations of Mr. H. Turner, M.Sc. of Birmingham 
University, who recently visited America, and discussed with metallurgists, foundrymen and engineers 
their experience with nickel cast-iron, were given in an article recently appearing in the ‘“ Foundry 
Trade Scttrhal,” from which it is gathered that the results obtained in that country, justify the 
increased costs entailed in adding nickel and nickel-chromium to cast iron. A summary of his remarks 
are :—“ American works superintendents have stated in the presence of the writer, that the new cast 
irons containing nickel reduce their machining costs, while giving them a product of greater strength 
and better wearing properties. Foundrymen have stated that such addition to their irons enable them 
to reduce and control chill, have greatly reduced losses in scrap, refine the grain, reduce porosity, increase 
strength and hardness, but simultaneously improve machinability by eliminating hard spots and chilled 
edges; enable them to get almost uniform hardness from castings of irregular section, and produce a 
machinable hardness of 200 to 250 Brinell. When a foundryman has done all that is possible in way of 
choice of iron mixture, pouring temperature, moulding sand, and moulding practice, he has still great 
difficulty with certain types of castings. The addition of nickel appears to present itself now as a new 
tool which others have used successfully, and which is worth trying out. Cast irons are being developed 
with abnormal electrical, magnetic, non-corrosive, and wear resisting properties. American foundries are 
adding nickel in most cases as shot during the filling of the ladle.” As previously remarked, experience 
in this country in adding nickel to the mixture is not nearly so conclusive and definite. Some 
experiments were recently made in this district by the addition of 1 per cent. nickel to cast iron, and an 
improvement in the structure and physical properties resulted. It would seem that its inclusion in the 
charge has a similar influence on the carbon to that of silicon, by throwing it into the graphite form and 
refining the grain. Should further research confirm this, it may well be that the added cost would be 
justified, especially in cast irons which are to be subjected to the influence of high temperature for long 
periods; as it has been definitely established that high silicon cast iron is subject to growth under these 
conditions, and when the silicon content is beyond 1 per cent. the iron is unsuitable for high temperature 
work. The subject of nickel cast iron is not being neglected in this country, and it is learned that the 
British Cast Iron Research Association are interesting themselves in this alloy, the investigation of 
which is being undertaken by Professor D, Hanson at Birmingham University, and the results are 
promised shortly. 


Perit Iron. 


It seems generally agreed that the introduction of the hot mould process marks a decided advance 
in foundry practice, although one may not subscribe to all the virtues which enthusiasts claim for it. 
The proof of its value is manifest in its wide adoption for the manufacture of castings where strength 
and heat resisting qualities are of first importance, and foundrymen and engineers are convinced that the 
extra costs entailed in its manufacture are justified by the results obtained. A considerable amount of 
research work is still being carried out by firms using the process ; methods of application and the results 
of their experience are being discussed and exchanged with a view to still greater efficiency and reliability 
being obtained. 

The aim of the process is to produce cast iron with an entirely pearlitic structure. If *9 per cent. 
carbon in the combined condition can be maintained in a casting, the structure will be approximately 
100 per cent. Pearlite. The two main factors in obtaining this desirable structure is in the composition 
of the metal, and the preheating of the moulds. Ordinary cast iron contains a large percentage of 
impurities, either chemically combined or mechanically mixed ; approximately 8°5 per cent. carbon (total); 
1 to 3 per cent. silicon ; *1 per cent. sulphur; 1 per cent. manganese, and phosphorus up to 1 per cent. 
Silicon has the effect of preventing the retention of carbon in the solution and tends to throw it into the 
graphite condition. The selection of the material has therefore to be carefully made, and in this process 
silicon has to be kept low, and a fair proportion of scrap steel is used to ensure low phosphorus and 
sulphur content in the casting. With such a composition, however, under normal conditions of casting 
and cooling, the carbon would be in the combined condition, and the iron would be white, hard and brittle, 
and altogether unsuitable for machining. It is exceedingly difficult under normal conditions of casting 
to retain iron of this composition in the grey machinable quality, and it thus becomes essential to heat 
the moulds, and thereby retard the rate of cooling, giving an opportunity for a percentage of the carbon 
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to be thrown into the graphite form, and retain the iron in the grey machinable condition. As previously 
stated silicon in the charge is low, and as this is the element which is chiefly responsible for the precipi- 
tation of the carbon in the graphite condition, the hot mould assists the silicon in its task of precipitating 
such an amount of graphite, that the remainder of the carbon will be about 9 per cent. The essential 
feature, therefore, of the Perlit process is the manufacture of an iron which if cast into a cold mould 
would produce a hard white iron due to excessive carbon, but when cast into a hot mould produces a 
tough machinable iron, the structure of which is pearlitic throughout all sections. In order to appreciate 
fully the advantage obtained by uniformity of structure it should be borne in mind that with common 
iron castings of varying sections, the iron when solid has an irregular structure throughout each section. 
The outside portion is tougher than the inside, due to the chilling effect of the mould, whilst at the 
centre of the section in ordinary castings the iron is open and weak with large graphite flakes pre- 
dominating. This is due to carbon which is present in cast iron to the extent of approximately 8 per cent. 
being thrown out on cooling in the form of graphite flakes; the extent of the precipitation depending 
upon the silicon content and the rate of cooling. It is therefore evident that in one casting the iron 
varies from hard iron at the outside to soft iron at the centre, but at some particular place in each 
section, the iron has an ideal structure. It was the aim of the investigators to produce this structure, 
and success was achieved by Diefenthaler, in 1916, with the Perlit process. The cooling conditions are 
standardised, the temperature of the moulds being relative to the composition of the metal, which in turn 
varies with the thickness of the casting to be produced. Besides producing a tough high duty iron with 
a refined grain, the process doubtless helps to overcome many of the foundry difficulties, and minimises 
the defects usually associated with iron castings, such as drawing, due to liquid shrinkage ; contraction 
stresses too, ought to be much reduced, due to the slow rate of cooling. Castings produced by this 
process are of course much more costly, mainly due to the heating of the moulds, which have to be 
placed in stoves and heated to a temperature of 300° to 350° C., depending on the mixture employed and 
the dimensions of the job. 


As might be gathered from this short description of the process, the resulting products will have 
superior physical properties, and this is borne out by tests which have been made from time to time, 
Tensile tests showing strengths of from 18 to 20 tons per square inch appears to be a fair average for 
iron castings made by this method. A transverse test recently witnessed ona 1 in. square bar gave 
4000 lbs. between 12 in. centres with a deflection of 5%, in. In the impact test a sample 14 in. square 
withstood 382 blows given by a weight of 28 lbs., dropped one foot. Quite a number of tests have been 
carried out on its ability to withstand abrasion. These experiments have been made at rubbing speeds 
approximating to those found in practice with pistons; the results are very favourable as regards this 
test also, which is no less important than those already mentioned. It is, however, on its anal to 
withstand the tendency which common irons have of increasing in volume when exposed to high 
temperatures for long periods, that Perlit iron has found most favour, and it is in the manufacture of 
furnace fittings, moulds, cylinder covers, liners, pistons and valve boxes for Diesel engines, that it is 
most ag specified. With wider experience, and when information as to its behaviour in service 
for long periods are forthcoming, we may see designers reducing their scantlings somewhat where the 
iron is used in general structures. 


Perhaps it is necessary to note that although it has been a decided step in progress, we do not always 
get the castings we hoped we would get with the introduction of the process. It is in the very nature of 
things that sound castings are difficult to obtain, and to decide just how far a defect in a casting may 
impair its strength and utility, is not always easy. But if we know that the characteristics and physical 
properties of the material are superior to those of common iron, slight defects will have a correspondingly 
less significance, provided no advantage has been taken of this fact in reducing scantlings. 


EMMEL PROCESS. 


For certain types of iron castings where strength is of great importance, but where there are no 
temperature problems involved, the Emmel process of production is sometimes applied. The process is 
the subject of a patent granted to Karl Emmel and the Thyssen Co., of Mulheim, for the production of 
cast iron also with a pearlitic structure. In this case, however, there is no special heating of the moulds ; 
the procedure is similar to that followed in ordinary foundry practice, the desirable qualities in the 
iron being produced by special composition of the mixture and exceptionally efficient cupola practice, 
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In this district the process is commonly resorted to for special castings of good quality. To attain to the 
very high temperatures necessary to smelt the mixtures thoroughly, it is necessary to modify the cupolas 
somewhat. The wind belt, the number and shape of the twyers, the pressure and volume of the blast, 
and the thickness of the coke bed with its relation to the charging door, are all factors which must be 
under strict control for complete success of the process. These in turn vary in accordance with the 
mixture being dealt with. 

The chemica! composition of the mixture is varied according to the dimensions of the casting to be 
produced. and has essentially the following characteristics :—low total carbon, the total carbon being in 
some cases as low as 2°7 per cent., with silicon high, manganese high, sulphur and phosphorus low. 
Large quantities of scrap steel are used ; approximately 50 per cent. pig iron or scrap cast iron high in 
silicon, about 40 per cent. together with such additions as may be necessary to vary the composition 
having regard to the chemical analysis of the charge, and the size of the casting to be produced. 

The most remarkable feature of the process is doubtless the ability to smelt successfully the large 
percentage of scrap steel used, as hitherto it has been considered that additions of steel or wrought iron 
scrap beyond 15 per cent. to the cupola charge was unsuitable, and that where cast irons of comparatively 
low carbon content were desired they should be produced in an electric or reverberatory furnace. The 
melting point of pure iron is about 1600° C., whilst with a carbon content of 3 per cent. it is in the 
region of 1240°C. It will readily be seen that if the steel is to be successfully mixed in the smelt, 
very high temperatures will have to be reached and maintained. It is now, I believe, quite common for 
iron to be tapped from the cupola furnace at temperatures of between 1400° and 1500° C. 

Another important feature is that in this process the control of the carbon in the final product can 
be regulated within very narrow limits by controlling the blast pressure as will be clearly seen from the 
following extract taken from the patent specification :—* A cupola furnace with a forehearth was charged 
with a charge which contained 60 per cent. of mild steel or iron low in carbon, the remainder of the 
charge consisting of 40 per cent. high silicon iron. The coke comprised 13 per cent. of the charge. The 
furnace was supplied all the time with a blast at 450 mm, water gauge pressure; this gave a product 
having a carbon content of 2°38 per cent. to 2°42 per cent. over a series of successive tests. On working 
the furnace with a similar charge, but with a blast of 800 mm., the resultant carbon content increased to 
2°81-2°86 per cent. over a series of successive tests. The percentage of the various other constituents 
present in the resultant product varied only within the following narrow limits :—Silicon, 2°75-2°99 ; 
sulphur, 0°135-0°189 ; manganese, 0°92-1°16 ; phosphorus, 0°10-0°12. It should be noted that the coke 
charge remained unaltered for all the tests, and that the conditions during the different times of the 
tests remained constant. The above tests were taken under conditions of everyday practice, and the 
temperature of the furnace in all cases was in the neighbourhood of 1490° C. to 1500°C.” 

One learns in connexion with this process from those who are responsible for the management of 
foundries, that low carbon iron requires a good deal of care and considerable experience in handling, if 
satisfactory results are to be obtained. The arrangement of risers and judgment of right casting 
temperature and speed of pouring, have a decided influence on success, and where tensile strengths do not 
require to exceed 18-20 tons, a carbon content of around 8 per cent. is preferable. 

The physical properties of Emmel iron as regards strength and denseness of structure are very 
similar to those of Perlit iron, except that abrasion tests have not quite come up to those of the latter, 
and probably its heat resisting properties are not so good. It has, however, been stated that where this 

rocess has been adopted on the Continent, designers are already reducing scantlings in the ratio of 5 : 4. 

he cost of manufacture is slightly higher than that of ordinary iron castings ; this is mainly due to the 
extra risers necessary in view of the greater shrinkage in the metal on cooling, so that larger quantities 
of metal have to be melted for a given weight of finished casting. These additional risers have to be 
removed in the dressing, adding to the expense of this operation. 

The other patent processes mentioned for the manufacture of cast iron are not practiced in this 
district, and in consequence it is not possible to say much about them. I shall only give briefly the 
features of each. 


CoRSALLI PROCESS. 


This is a low carbon cast iron made in the Cupola from 100 per cent. steel charge with the addition 
of ferro-alloys to impart the necessary silicon, carbon and manganese. The claims made for the process 
are similar to those made by Emmel. 


a 


a 


ARDELT PROCESS. 


This is a new German special iron for which high mechanical properties are claimed. Details of 
manufacture and composition are not available. It is stated, however, to have a tensile strength of 
16-20 tons per sq. inch, high transverse strength, good wear resistance, heat resistance and acid resistance 
is also claimed. 


MEEHAN PROCESS. 


Meehanite metal is an American product. The process consists of adding to molten white iron 
calcium silicide, which imparts the necessary percentage of silicon to the mixture to produce a grey 
machinable iron. High tensile strength and superior mechanical properties are claimed for iron produced 
by this process. 


HAHNEMANN PROCESS. 


This is a cast iron superheated in the cupola or in an external receiver to high temperatures. It is 
stated that iron heated in this way dissolves graphite particles which remain undissolved at ordinary 
melting temperatures, and which on cooling, become nuclei for large graphite flakes. Graphite from 
superheated iron is said to be much finer, and the mechanical properties of the material superior. 


Scuuz Process. 


In this process the metal is cast in chills. It has a carbon content of 3°5 per cent. total, with 
silicon 3°5 per cent.; little information is available regarding the methods of manufacture, but high 
tensile and transverse strengths are claimed for the product. 


ALUMINIUM ALLOYS. 


In a table recently published showing the increase in world production of the chief metals, which 
include pig iron, steel ingots and castings, copper, lead, zinc, tin, and aluminium, over a period of 
twenty years (1905-1925); the increase in the case of aluminium is indeed remarkable. Whilst the 
average increase percentage for the six former metals was 67°5, that for aluminium was 1,212°0. 


Chemists tell us that it is an astonishing fact that aluminium exists at all, it is so highly oxidizable. 
The explanation is, however, that this oxide forms a thin film which protects the underlying metal from 
further oxidisation. In aluminium alloys which are exposed to sea water or sea air, corrosion is a 
continual menace, aud this fact is a hindrance to their adoption for many fittings where the material 
could be used with great advantage. The film which, in ordinary atmospheres would have protected the 
underlying metal, is insufficient in the case of aluminium or its alloys which are exposed to salt water 
and sea air, or other corrosive agents. Under these conditions it tends to crack and scale, with the result 
that pitting sets in. A considerable amount of research work has been carried out on this phase of the 
subject, and the methods at present adopted are rather a reversal of those generally applied to ferrous 
metals. Very successful results have been achieved by the Anodic Oxidation Process, which consists of 
producing electrically a corrosion product of hydrated oxide of aluminium over the surface of the 
material, thus protecting the underlying metal from further wastage. The aluminium or alloy is made 
the anode in a form of electrolytic cell and direct current of gradually increasing voltage is applied. As 
the voltage is raised, the electrical resistance of the oxide film increases, and there is very little passage of 
actual current, although enough is passed to heat the bath. A very efficient coating of hydrated oxide 
results, which prevents further corrosion taking place. 


One of the first aluminium alloys to achieve commercial success was that known as “Duralumin” 
which has played such an important part in the development of the airship and aeroplane. In common 
with most of the alloys its best properties are due to subsequent heat treatment. The alloying elements 
contained in aluminium for the manufacture of ‘ Duralumin,” are copper, magnesium, and manganese ; 
these totalling about 6 per cent. The first process is to cast the mixture into ingot moulds, and in this 
condition the material has a tensile strength of about 12-13 tons per square inch. It is subsequently 
forged or rolled and annealed at a temperature of about 400 C., when its strength is found to have 
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increased to around 16 tons per square inch. The final process is to heat it again to a temperature just 
below 500 C., at which temperature it is quenched, and laid aside for about five days to allow the 
structure to stabilise. This final heat treatment and ageing greatly improves the characteristics of the 
metal, both in tenacity and ductility; the tensile strength in the finished condition being about 26 tons 
per square inch, with an elongation of 18 per cent. on 2 inches. With a specific gravity of little more 
than one third of that of steel, and with physical properties closely resembling those of mild steel, the 
great advantage to be gained in its adoption in many phases of mechanical engineering will be readily 
appreciated. 


Besides duralumin, we are becoming familiar with three main groups of aluminium alloys, these 
being the aluminium-copper, aluminium-zinc-copper, and what is generally known as the modified 
aluminium-silicon alloy. In the case of the two former alloys, in which the best properties of the 
material is desired, subsequent heat treatment is necessary. The aluminium-silicon alloy, voaeriet does 
not require any heat treatment subsequent to casting to produce the better qualities in the material, as it 
is treated before the metal is poured to a modifying process. Castings made by this process are stated to 
have superior qualities to those of the copper and copper-zine series, having a slightly higher tensile 
strength. The modifying process was discovered by Pacz in 1920. He drew attention to the advantage 
effected by the addition of a small quantity of salts, consisting essentially of alkali metal fleurides, to 
aluminium-silicon alloys. This salt is added to the metal in the molten condition immediately before 
casting, and results in a refining of the structure in the cast material, with consequent increased strength. 
The aluminium-copper and aluminium-zine-copper alloys in the cast condition have a tensile strength of 
11-12 tons per sq. inch, with an extension of about 12 percent. These alloys are now extensively used in 
the manufacture of castings, both in marine and general engineering practice. Such fittings as scutiles, 
deadlights, pumps, gear cases, pinion covers, bearing brackets, pedestals, &c., are now commonly made 
from this light material, and its application is being continually extended in the fittings and equipment 
of vessels, especially where weight is a consideration. 


Improvements in aluminium alloys are very desirable, and much experimental work is being carried 
on, both in composition and subsequent heat treatment. There has recently been developed in the 
National Physical Laboratory, a much superior aluminium-copper-nickel alloy, which is being adopted 
for many highly stressed castings. This material is known as “* Y” alloy; the elements in its composition 
are approximately 4 per cent. copper, 2 per cent. nickel, 1°5 per cent. magnesium, the remainder being 
aluminium. Pistons for Diesel engines of comparatively high powers are now being made from “ Y” 
alloy; the dimensions being abont 19 ins. x 19 ins, and having a finished weight of one cwt. 
approximately. The pistons are cast in a chill mould and are afterwards continuously annealed in a 
muffle furnace for a period of 48 hours, and quenched in olive oil. The mechanical tests from material 
such as described shows a tensile strength of 18-20 tons, with an elongation of 4-6 per cent. As in the 
case of other aluminium alloys subjected to heat treatment, about seven days are allowed for ageing, or 
stabilisation, before the castings are put through test. 


BRAss. 


In dealing with alloys of importance in engineering and shipbuilding, brass cannot be fairly 
omitted. It offers considerable resistance to corrosive agents, and this property makes it indispensable 
in many parts of machinery and equipment in vessels of all types. ‘I'he demands recently made for 
reduced weight in special types of vessels, with accompanying higher powers, has led to a great deal of 
research and experimental work being carried out on this alloy. The aim has been to improve the 
denseness of structure of the material, giving higher strengths without seriously impairing its ductility, 
so that scantlings could be reduced without encroaching on the margin of safety usually adopted in 
practice. The results of these experiments has been the development of a material whose chemical 
composition includes the following elements, viz., copper, zinc, manganese, iron, aluminium, and nickel. 
Brass of this composition is now regularly manufactured, and although, for obvious reasons, I am unable 
to give in this paper the percentage of the various elements contained in the mixture, the test results are 
generally known. The ultimate tensile strength is 51-55 tons per sq. inch, with an elongation of 15 per 
cent. on 2 inches, while the elastic limit is in the region of 31 tons. 
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Steady and continuous progress is being made in metallurgical research and the application of the 
results to industrial needs. The adoption of X rays as an ultra-microscope in the study of crystal 
structure will surely add enormously to our knowledge of metals. It has already been of great practical 
value in the examination of castings, whose walls are of moderate thickness, in revealing defects 
which would not be seen or known but which would have led to disaster had the castings gone into 
service. 

In the foregoing notes, the alloys briefly touched upon are but a fraction of those recently 
introduced into engineering practice, and were selected because they are of interest to marine engineers 
and shipbuilders. One of the most remarkable features seen in many of the alloys, is the influence of 
nickel in the composition. Its addition in even small percentages is apparently of great benefit in 
improving the physical properties of the metal, and we may look for its wider adoption in the future. 


With the introduction of new materials, some time must necessarily elapse before their worth can 
be definitely known. Their behaviour in service, however, can be much more definitely forecast than 
was the case some years ago, when the facilities for carrying out physical tests under conditions approxi- 
mating to those which would be met with on service had not reached the high standard to be found in 
the laboratory and test house equipment of to-day. 


In the march of progress we have our full share of responsibility, due to the unique position which 
the Society holds in the shipping industry. Untrammelled by financial or commercial interest, each new 
phase can be approached with an open mind, and its value, in relation to the standard laid down by the 
Rules, interpreted. 
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DISCUSSION ON Mr. W. COWIE’S PAPER 


SOME NOTES ON NEW PROCESSES AND ALLOYS 
IN CAST METALS. 


Mr. 8. F. Dorey. 


Mr. Cowie has done well in bringing to our notice the trend of developments in some materials 
which, owing perhaps to our greater experience and practice with stecl, is apt to escape general notice. 
Our Rules, both on the ship and engine side, are in the main confined to structures of steel, a material 
which, though greatly in use and of proved reliability, still requires and receives much investigation. 

There are, however, many essential parts of a ship which must necessarily be made of other 
materials, and the author’s paper is helpful in showing the progress made in some cast metals to meet the 
increasing demands of present day requirements. 

The tendency for increased stresses to ensure lightness of construction and increased pressures, and 
temperatures to give higher efficiencies, calls for the earnest attention of the metallurgist if definite 
progress is to be made, and incidentally shows the increasing value of properly organised technical and 
scientific research. I think it will be agreed that firms having the best technical staffs produce the best 
results. 

Much of the paper has been devoted to special cast irons, and certainly the labours of many 
metallurgists have produced cast irons of superior quality, which have enabled the engineer to develop 
internal combustion engines so successfully. Under the heading ‘Perlit Iron,” the author has drawn 
attention to the usefulness of this particular iron when exposed to high temperatures for long periods. 
I should be grateful if he would state whether Perlit Iron is considered to be as satisfactory as cast steel 
when exposed to high pressure superheated steam for prolonged periods, and whether he is aware of any 
reliable tests which have been carried out to prove this point. 

Brief mention has been made of the use of X-rays in the study of metals, and undoubtedly great 
advances have recently been made in this branch of scientific research, particularly with regard to the 
analysis of complex crystals, metals and alloys. 

I had arranged for Dr. Everest, of the Bureau of Information on Nickel, to come and make a few 
remarks this evening, but at the last moment he has been detained. He has, however, sent me 
some remarks on Mr. Cowie’s paper. 


Mr. S. TowNsHEND. 


In the section “ Aluminium Alloys,” the author refers to the high corrodibility of aluminium. This 
is particularly true when this metal is subjected to the presence of sea air or salt water, and in this 
connexion it may be of interest to mention an aluminium alloy which has successfully proved its ability 
to resist corrosion. 

Extensive tests made by Admiralty officials on Haywood’s N.C.A. (Non-Corrodible Aluminium) 
Metal have shown that this metal is a true alloy, with permanent characteristics, and will not corrode, 
age, or deteriorate when exposed to sea air or salt water. 
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The metal can be obtained in the ingot form for use in the foundry, or in rolled plates and sections. 
The ultimate tensile strength of the former is 11 to 14 tons per square inch, and of the latter 20 tons 
per square inch. The Brinell hardness is 63. It is easily worked and machined, can be cleanly tapped 
and screwed, and is not liable to tear, as in the case of aluminium alloys containing silicon or zinc. The 
specific gravity is 2°78. The composition of the metal is as follows :— 
Aluminium ... 94 per cent. 
Copper.. naa ae eee 
Nickel ... ae oe 
The ingredients in the balance of 1 per cent. are a secret of the manufacturers. No heat treatment 
is required during the preparation of the metal. Its use is recommended where lightness is necessary, 
combined with medium strength. 


CORRESPONDENCE. 


Dr. Everest, BurEAU OF INFORMATION ON NicKEL, Lp. 


Dr. Everest wrote that he had read Mr. Cowie’s Paper with great interest as he himself is 
concerned in the development and application of high class cast iron. In this connexion he had been 
for several years engaged in research work on the influence of alloying elements in such material. He 
felt that to-day it was necessary to give more attention to this subject, for, under the stress of modern 
conditions in shipping, it was becoming increasingly important to reduce the weight of machinery parts. 

‘There was a tendency to endeavour to effect this by substituting steel for cast iron, and Dr. Everest 
heard recently of many cases where trouble has arisen from this. As Mr. Cowie pointed out, cast iron 
continues to hold its own in engineering on account of its ease of casting and low comparative cost. 
These two assets were, perhaps, of more importance than was generally realised, for experience was 
teaching us to-day that, even with the more advanced practice, steel could not readily be cast into 
intricate shapes, as was the case with cast iron. The only alternative to this was to improve as far as 
possible the material which could be cast into the forms we required, and development work in this field 
was now proceeding apace. 

As Mr. Cowie mentioned, attention is being given at the present time to the use of nickel and 
chromium in cast iron. Actually this development has proceeded further than had been suggested in 
the paper, and alloy cast iron is being used successfully for a considerable number of applications in 
this country. (See, for example, ‘Alloy Cast Irons,’ by Professor D. Hanson, in Foundry T'rade 
Journal for November Ist and 8th, and also ** Nickel in Cast Iron,” by Dr. A. B. Everest, Foundry Trade, 
Journal, April 12th and 19th, 1928.) 

Dr. Everest noted with great interest that Mr. Cowie mentioned that in one case 1 per cent of nickel 
greatly improved the structure and physical properties of an iron used in certain experiments. 

A few amplications of Mr. Cowie’s subsequent remarks might, however, be of interest. It was 
stated that the influence of nickel was similar to that of silicon. Why then was it that nickel finds 
successful application as an alloy addition to cast iron? ‘The answer lay in the fact that whereas silicon 
turns white iron to grey, further additions renders this grey section very soft and open, nickel, on the 
other hand, will turn white iron to grey, but in general it tends to maintain the hardness or even to increase 
it in the grey machineable parts. ‘To take an example, in a border line iron cast into a form haying 
widely varying sections, a good hardness value is obtained in the heavy sections but lighter parts are 
white and unmachineable. The addition of silicon will make the casting grey throughout; but the 
heavier sections will tend to become very open and soft. If, however, nickel is added to the casting in 
place of silicon, once again the thin sections are rendered grey, but this time the heavier sections actually 
become harder through the effect of the added element, resulting in a much more uniform hardness 
throughout the casting, a general strengthening and densening in the heavier section, and improved 
wearing and other properties. 

Brief reference was made to the problem of growth which is of vital importance in connexion with 
castings for turbine aad Diesel engines. According to modern ideas this trouble was accentuated by the 
presence of silicon, so that in irons having a nickel content in place of some of the silicon it is found, as 
would be expected, thas the iron was more stable under conditions of heat. It would, therefore, be 
expected to show reduced deterioration when subjected to high or fluctuating temperatures. 
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As has been already mentioned, cast iron possessed properties which rendered it far more suitable 
than cast steel for certain parts, and it is hoped that in the near future, by improving the quality of the 
former, we can eliminate some of the trouble associated with this class of metal, rendering it unnecessary 
to substitute for it an alternative material which was fundamentally not so suitable and was moreover 
much more costly. 


Mr. L. R. Rreney. 


With regard to recent developments in cast iron manufacture, I consider that the ‘“‘Emmel” process 
is perhaps the most promising. I find opinion in Germany to be very favourable towards this system. 
While the hot mould idea is, of course, not new to this country, it is only fair to say that it was left to 
our friends on the Continent to put matters on something approaching a scientific basis. The difficulties 
incidental to a satisfactory working of any process involving the heating of moulds are, however, not small, 
and it is not surprising that founders have been somewhat diffident in taking up the “Perlit” method. 

Of the processes described by the author that associated with the name of Meehan looks at first 
sight somewbat attractive. So far as my experience goes, however, the results have been by no means 
encouraging, as on two successive occasions the metal produced proved to be unmachineable. 

The difficulty of obtaining truly representative samples for testing is, of course, well appreciated, 
and it is satisfactory to know that this is a phase of the subject to which considerable attention is now 
being directed. 

I desire to thank the author for his interesting paper. 


Mr. W. E. Lewis. 


I wish to express my sincere appreciation of Mr. Cowie’s paper, especially as recently I have 
attended a “Symposium on Steel Castings” at Glasgow, where the point most emphasised was the lack 
of co-operation between the various parties interested in the production of steel castings, resulting in a 
lack of progress in that industry. It is refreshing to read that this co-operation (upon which the success 
of all industry ultimately depends), is being effected in the iron founding industry. 

Mr. Cowie’s remarks upon the properties of high duty cast iron are most interesting and of 
particular value at this time when, thanks to the recognition of the value of metallurgical research, cast 
iron as a structural material appears to be emerging from a cloud of suspicion under which it has lain 
for many years. 

I am in agreement with the reasons advanced by Mr. Cowie for the improved physical properties of 
these irons, but suggest that in emphasising the importance of having a perlitic matrix he has tended to 
obscure the importance of the graphitic carbon, which is always present in grey cast iron, either as large 
flakes of “‘Kish” graphite or as finely divided particles of graphite disseminated throughout the matrix. 
Poor strength, weakness under repeated impacts, and lack of resistance to wear, appear to be accentuated 
by the presence of “Kish” graphite, and it is to the definite elimination of this type of graphite that 
the success of high duty iron is due. The formation of a true perlitic matrix is encouraged by 
preventing the formation of this “Kish” graphite. The effect of nickel and chromium on cast iron 
supports this. Nickel tends to lower the saturation point above which “Kish” graphite tends to 
separate out, and in order to obtain the best results with this element the saturation point has to be 
raised, either by reducing the silicon content of the iron or by the addition of chromium. The latter is 
preferable, as chromium imparts to the iron very useful properties additional to those resulting from the 
refining of the structure, and I believe that nickel-chrome irons are to play as big a part in the future as 
nickel-chrome steels have done. 


Mr. J. Harporrue. 


Mr. Cowie has taken a lot of trouble to describe the different processes of cast iron and other 
metals, many of which have fancy names, and as Mr. H. J. Young, in a lecture on cast iron, states :— 
“All these new processes are only putting the house in order and aiming at uniformity of materials and 
process in the foundry.” It is this lack of uniformity and method which gives us so many waster 
castings. With regard to cast iron, | agree with Mr. Young that if a specification is worded to cover 
the metallurgical, as well as the physical, properties of the material, that if the carbon, silicon, 
phosphorus, sulphur, and manganese are specified, many of the engineers’ troubles will be solved. 
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The analysis of castings produced over a period of a year for a particular purpose in one foundry 
showed a variation in total carbon between 3°2 and 4:0 per cent., a variation in silicon between 1:1 and 
17 per cent., and a variation in manganese of between 0°5 and 1:2 per cent. Similar variations in 
tensile strength could be quoted. This lack of uniformity could never be tolerated in the making of 
steel, and I hope the time will soon arrive when the metallurgical chemist will have his place in each 
foundry. 

My experience has been that cast iron with fancy names (especially with oil engine liners) has not 
been so good as special castings from other works, where the materials and process were controlled and 
where they had a chemist. In one instance of 38 liners made by one of the processes named by 
Mr. Cowie, the whole lot were scrapped. The main principles which govern most of the patented 
processes are the initial and cooling temperatures, together with the composition of the metal, the 
object being to obtain a perlitic matrix on which is embedded graphite, small in size and quantity. In 
a paper given by Mr. A. Campion before the North-East Coast Institution of Engineers and Shipbuilders, 
this is made very plain. He states that the influence of initial temperature has been known for a long 
time, although somewhat neglected by foundry workers. In ordinary cast iron the amount of pearlite is 
governed by the conditions of the formation of graphite within a certain temperature range, and any 
attempt to control the amount of pearlite present is the same as controlling the amount of graphite present. 

he property which makes cast iron so easy to cast into intricate moulds is its large carbon content. 
This feature, so valuable to the process, is not good for the product, and more especially for the castings 
where strength and resistance to heat is required. 

The most important property of cast iron is that the carbon can exist in more than one form, thus 
greatly modifying the physical and mechanical properties of the metal. The portion in combination 
with the iron, or iron and manganese, confers strength and hardness on the mass, whilst that portion 
which is uncombined produces weakness and softness. The quantity of combined carbon desired for 
great strength is much less than the carbon content necessary to give fusibility and fluidity. Structur- 
ally, cast iron is a conglomerate of two essentially very different parts, ove free carbon, or graphite, 
embedded in the other, which is a metallic matrix very like steel. The principle difference b-tween the 
various cast irons is the degree of weakening of the matrix by graphite, as the graphite increases in size 
or forms large flakes the weakness increases. The matrix contains the carbon which is in combination 
and may be considered as equivalent to steel of similar carbon content, but broken up by flakes of 
graphite. It might be anticipated that the maximum strength would result when the matrix contained 
0°90 per cent. from the fact that the maximum strength of steel is reached when that amount of carbon 
is present, but it is found that in practice a somewhat smaller amount is required to give the highest 
strength. The reason for this is that with the higher carbon the cementite plates of the eutectic may be 
so thick that if any one of them breaks a crack is liable to develop. A lower combined carbon content, 
i.e., 0°70 to 0°80 per cent., gives a stronger metal owing to the gain in strength due to the formation of 
finer and smaller pearlite outweighing the loss that might be expected from making the matrix of lower 
carbon content. Just as in the case of steel, so with cast iron. The strength varies with the percentage 
of carbide, although it is lowered in proportion to which it is cut up by the flakes of graphite. 
Mr. A. Campion, F.I.C., recommends total carbon below 2°8 per cent. combined carbon *70 to *85 per cent., 
and Dr. W. H. Hatfield, whilst agreeing with this, says that with general foundry conditions, using a 
cupola, it is difficult to get below 3 per cent. é 

Silicon ranks next in importance to carbon. Wiist and Paterson have shown that the action of 
silicon is to reduce the solvent power of iron for carbon, so that the eutectic alloy is much modified. 
The carbide is dissociated according to the silicon content of the iron, if the silicon present be large in 
amount, the decomposition is practically complete, leaving a matrix of silico-ferrite cut up by large flakes 
of graphite. Therefore the silicon must be as low as possible in liners and pistons for oil engine work 
(less than 1:2 per cent.). 

The addition of manganese has an influence in stabilising the cementite. Mr. Campion recommends 
1-0 to 1°75 per cent., whilst Dr. Donaldson recommends 0°75 to 1°00 per cent. of manganese and 0.4 to 
0°5 per cent. of chromium. Phosphorus in large amounts tends to segregate and to render the iron weak 
and brittle. Satisfactory limits are 0°25 to 0°5. 

The actual percentage of the elements present in cast iron are only of secondary importance. The 
mode of existence and the manner of distribution throughout the mass, that is, the structural composition, 
are of greater importance than the ultimate composition, i.e., the structural composition of the metal is 
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largely determined by the temperature to which it is raised, the temperature at which it is poured, and 
the rate of cooling and solidification. If this latter is not governed, the addition of scrap steel and other 
elements, with various melting points and specific gravities, will assume different positions in the mass 
before, after, or during solidification. 

It is not easy to criticise Mr. Cowie’s paper, as this criticism would belong to the metallurgical 
chemist. I hope to be forgiven for quoting somewhat freely from some of the writings of men whose 
work has done much to help the foundry and engineer. 

Since the introduction of this special manufacture of cast iron with its special cooling, initial and 
pouring temperatures, and additions of elements of different melting points, we have had many waster 
castings from the foundries using ordinary methods. In each instance, when I have examined the scrap 
heap | have found a large quantity of pearlitic or semi-steel scrap. My opinion is that this added scrap 
caused bad castings, as in one foundry, where the use of this scrap has been discontinued, we now get 
good castings. I would like Mr. Cowie’s opinion on this, if not outside the scope of his paper. 

Under the heading of brass, Mr. Cowie mentions a mixture with a tensile strength of 51-55 tons 
per sq. inch, and an elongation of 15 per cent. In America, they tried a yellow metal with similar 
tensile strength and elongation, the results were only obtained after rolling ; this developed minute 
surface cracks, which rendered the material useless for under water fittings. Could Mr. Cowie say 
whether work, such as rolling, is put on the material noted in his paper, or not ? 

Mr. Cowie has my sincere thanks for the pains he has taken to introduce such an important subject. 


Mr. E. Woop. 


The author gives a very interesting account of the Perlit Iron process. 

As possibly being one of the first engineers in this country to have experimented with, and eventually 
worked, the process, it may be of general interest if I add a few words to the discussion. 

From the iron founder’s point of view, this process introduced quite a number of difficulties into 
the already difficult problem of making sound castings. 

It must not be supposed that because a casting is causing trouble, that the fact that someone decides 
to make it in Perlit Iron will necessarily produce a good job, for the moulder has the same troubles to 
contend with in making Perlit Iron castings, besides a considerable number of others peculiar to the 

TOCESS. 
- To give one some idea of the additional cares, the moulder has the following points to bear in mind 
when thinking of the Perlit Iron process, which may explain why the process is not generally adopted by 
all foundries, excluding the question of the cost of a license to work the process, which does not concern 
us in this discussion. 

To commence with, the cupola and the charges put into it must be absolutely controlled by a chemist. 

The mould, with cores, must be heated to a high temperature, sometimes as high as 500°C. (The 
writer has seen the stove bogie red hot on occasions.) 

Some large and complicated moulds must be closed after heating—a difficult and very hot task for 
the men concerned, especially as speed is necessary. 

Special sands have to be used for the cores—very few of the ordinary oil sand cores will stand up to 
the high temperatures. It was the bitter experience of the writer, when giving an early demonstration 
of the process (whilst experimenting after five o’clock), to have two out of four castings blow up whilst 
casting. The other two were not cast but opened up later for examination. The sand cores were in neat 
little heaps at the bottom of the moulds. 

Special precautions have to be taken for venting the moulds, as the gases are given off at an 
extraordinarily rapid rate, and unless the casting is well ‘‘ vented,” the result will be a bad casting. 

Extra metal has to be used to allow for feeding the casting on cooling, one getting the same “ piping ” 
effect as in steel. 

At the time the process came to this country, foundrymen were trying to make Diesel engine castings, 
such as cylinder heads and pistons, without chaplets, and some of the first castings so produced in Perlit 
Iron were really very good products. 

As the process is expensive, it is natural that the moulder takes extraordinary precautions to try and 
get a good casting, which may be partly the reason why the Perlit Iron castings in use are giving good 
service. 
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There is, so far as I know, a very limited market for the scrap from Perlit Iron castings such as 
“risers” feeding heads and bad castings. The only satisfactory way of getting rid of these is to ran them 
down into pig iron for future use with other softer irons. 


As the author states, the cooling conditions are standardised, a metal of pre-determined composition 
being poured into a mould at a definite temperature. The temperature of the mould may be as high as 
500° C. or as low as the shop temperature, the composition of the metal being varied to suit the temperature 
of the mould and the average cross section thickness of the casting, 


It will thus be seen that at the low temperature end of the curve there is little to choose between the 
Perlit process and the Emmel process, and I believe now that the two go hand in hand, a license to work 
the one giving the holder the right to work the other. 


Mr. W. Burier. 


I have read Mr. Cowie’s paper with considerable interest, particularly that part of it dealing with 
Lanz Perlit Iron, with which material I have come into close contact during the last two or three years. 


Mr. Cowie touches on what seems to me to be a very valuable property of castings made by this 
process, viz. : comparative freedom from contraction stresses. As an example of this I might mention a 
case which has recently come to my notice in connection with the pistons of a number of large Diesel 
engines. Several Diesel engines of the same size and design have been put into service during the last 
two years or so, some of which had pistons of Perlit [ron, the remainder of special irons used for Diesel 
work. Out of 12 engines, the only ones which have been free from cracked pistons are those in which 
these castings are of Perlit Iron, and I understand that, as a result, the latter is now being used for 
replacing the cracked pistons. 


As Mr. Cowie points out, undoubtedly the most important property of this material is its ability to 
withstand “growth ” due to repeated heating and cooling, and in this connection the work of Donaldson 
and Pearson is very enlightening. Ina Paper read before the Institute of British Foundrymen, and 
printed in the Foundry Trade Journal, February 17th and 24th, 1927, Donaldson shows the behaviour 
of Perlit Iron and other irons under various heat tests. Not only does he show that Perlit Iron is virtually 
immune from growth at temperatures up to 550° C., but also that it maintains its strength to a higher 
temperature than the other irons. Further, its stability under prolonged heat treatment is remarkable 
as evidenced by the very slight reductions of combined carbon content, tensile strength and hardness, 
compared with the effects of similar treatment on other irons. 


Pearson’s Paper (Carnegie Scholarship Memoirs of the Iron and Steel Institute, Vol. XV., 1926) 
shows that the superiority of Perlit Iron in resisting growth is very marked at much higher temperatures 
also, his work being carried out at 900° C. 


In this connection, I had the opportunity recently of examining some Perlit Iron firebars and 
ordinary iron firebars which had been in use in the same vessel, under exactly similar conditions, and 
which were a practical proof of the resistance of Perlit Iron to heat. The ordinary iron ones had been 
in use two to three months and were much burnt away and generally in bad condition, whereas those of 
Perlit Iron had been in use for 16 months and were, practically speaking, almost like new. 


I have also seen several large and intricate Perlit Iron castings which had been broken up for 
examination, and can confirm Mr. Cowie’s remarks on the uniformity of structure obtained. It would 
appear very helpful to designers to have a material of this nature—the strength of which can be depended 
on to be uniform from section to section—to work on, particularly in the direction of reducing scantlings. 


To a limited extent I have come into contact with Emmel Iron, but not with the other special irons 
mentioned in the paper. I understand, however, that just as Lanz Perlit Iron is pre-eminently suitable 
for castings which have to resist heat and heat stresses, these other irons have also been developed to 
meet certain special conditions. As Mr. Cowie rightly points out, some time must necessarily elapse 
before the service results of these new developments can be definitely known. 


Mr. Cowie’s paper is very opportune, and I consider it a valuable contribution to the transactions of 
the Association. I congratulate him on the able manner he has dealt with a difficult subject. 
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REPLY BY THE AUTHOR. 


Mr. Dorey in his remarss raises the question of the suitability of Perlit Iron Casings for superheated 
steam in lieu of steel. 1 would unhesitatingly answer that, with our present limited experience of Perlit 
Iron, it should not be adopted for superheated steam installations. In the event of a failure in an 
installation using superheat, the consequences may be so disastrous that only the very best materials 
procurable should be used. I am aware, of course, that Perlit Iron enthusiasts have been keen for its 
adoption for this purpose, but I have not met with any responsible designer who would think of specifying 
it in place of cast steel, where superheat is to be adopted. 


I am not aware of any reliable tests having been carried out on a comparison of Perlit Iron and cast 
steel, to ascertain their relative ability to maintain their physical properties under prolonged exposure to 
high pressure superheated steam. The experiments of Donaldson and Pearson being limited to a 
comparison of Perlit Iron with other irons at high temperatures. 


Our special thanks are due to Dr. Everest for his interesting remarks on the virtue of adding 
nickel to cast iron. His research in this connection confirms and explains the experience of American 
Foundry men in the advantage to be gained by the addition of nickel to the mixture. 


Mr. Townshend has added a valuable contribution in bringing to our notice Haywoods Non- 
Corrodible Aluminium. Much experimental work is being carried out in this district on Aluminium 
Alloys, especially in relation to corrosion, but it is too early yet to say definitely that success has been 
attained. 


I agree with Mr. Lewis that “ Kish” graphite in the form of flakes is the source of weakness in 
ordinary cast iron, and that the processes mentioned have the desired effect of finely dividing the graphite 
resulting in a uniform structure. 


Mr. Harbottle has added considerably to the value of the paper by his interesting contribution, and 
from instances in his experience shows us that scientific control of the Foundry will eliminate many of 
the troubles associated with iron castings. With reference to his remarks as to the use of Pearlitic or 
Semi-steel scrap in foundries using ordinary methods, it is more than likely that the waster castings would 
result not from any difficulty in satisfactorily melting such materials in ordinary cupolas, but from the 
moulder not making allowance in the design of his mould for the difference in contraction between such 
mixtures and ordinary cast iron mixtures. 


The high strength brass mentioned in the Paper is entirely a matter of composition, and is not 
subsequently treated after casting. Jn this connection it may be of interest to state that a Copper-Zinc 
Alloy named P.M.G. metal has recently been developed in this district, which has very good physical 
properties both in the cast and rolled condition, compares favourably with Admiralty Gunmetal, and has 
the added advantage of being cheaper. 


I agree with Mr. Wood that the moulder takes extra precautions with Perlit Castings, as the process 
is expensive. Many of the defective castings we see might be avoided with a little care and forethought. 
Considerable progress has been made since the introduction of the Perlit process, and collaboration between 
those using it has led to the elimination of much that was troublesome in the early phase. With regard 
to the remarks as to the low temperature end of the curve. It is true that there is under these conditions 
pe to choose between the Perlit and Emmel process, but the characteristics of the material will be very 

ifferent. 


It is in cases, such as recounted by Mr. Butler in his remarks, which shows the wisdom of adopting, 
at perhaps added cost, material that will be suitable for the nature of the work to done, and gradually we 
are finding that this comparatively expensive iron is being introduced for firebars and furnaces fittings, 
which were hitherto made of very ordinary cast iron. 


In conclusion, I wish to thank all the Members who have taken part in the discussion and have 
thereby enhanced the value of the Paper. 
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GREAT LAKES BULK FREIGHTERS. 


By W. BENNETT. 


Reap JANUARY 16TH, 1929. 


It is the object of this paper to draw attention to some of the features affecting the relative strength 
and efficiency of the structure of Great Lakes bulk freighters, and to deduce some points of practical 
importance which may help in their design and construction. 


THE GREAT Lakes. 

It might be well to refresh our memories at the outset regarding something of the large extent of 
waters comprising what are known as the ‘Great Lakes.” They consist of Lakes Superior, Michigan, 
Huron, St. Clair, Erie and Ontario (see Fig. 1). With the exception of Lake Michigan, which lies wholly 
within the U.S.A., they form the boundary between Canada and the United States. They comprise the 
largest body of fresh water in the world, their area being about 90,000 square miles, or slightly in excess 
of the total area of England and Scotland together. Lake Superior is about 600 feet above sea level, and 
this remains practically constant in the upper lakes, there being only about 30 feet fall between Lakes 
Superior and Erie, while the distance from Buffalo to the head of the lakes is about 1,000 miles. This 
gives an idea of the amount of energy released when this huge body of water falls to near the sea level at 
Niagara. The Great Lakes are surrounded by very productive regions, and are used extensively for the 
transportation of iron ore, grain, timber, coal, etc. About one-fifth of all the vessels registered in the 
U.S.A. are to be found on these lakes. At the end of last year the total number of Great Lakes 
commercial vessels was estimated to be 885, of almost 3} million gross register tons, of which about 630 
vessels, of nearly 24 million gross register tons, represent bulk freighters, .e., about 85 per cent. of the 
floating tonnage. 

The draughts of vessels are limited by the depths of water at the lock silis and junctions of the 
different lakes. From 20 to 21 feet would have been obtainable as a minimum, but unfortunately, due to 
unforeseen circumstances, the lake levels have lowered within recent years, until about 18 feet 6 inches 
is all that can be expected with certainty at the present time. This is naturally the cause of great 
anxiety to lake owners, limiting, as it does, the displacement of the larger freighters to about half that 
available, and a very close watch has, therefore, to be kept at all times on lake levels. For example, in 
1927, the lake levels opened in the spring about a foot higher than ordinarily, but at the close of the 
season Lake Erie was almost a foot below normal, but about three inches above “low water datum.” 
Lake Michigan-Huron was about two feet below normal, and nearly nine inches below its “low water 
datum.” It is evident, therefore, that the channels in the lower St. Mary’s River, whose levels are 
controlled by the water in Lake Huron, remain the critical points for navigable depth. The loading 
draught in St. Mary’s River recommended throughout 1927, varied from 18 feet 9 inches to 19 feet 
6 inches, 

The Welland Canal which joins Lake Erie and Ontario has hitherto limited vessels passing through 
to 261 feet (O.A.) x 48 feet 6 inches x 28 feet 2 inches and 14 feet draught. The fully loaded draught 
is 24 feet 2 inches. This canal is now, however, being reconstructed, and will eventually have a depth of 
at least 25 feet. The new canal is expected to be opened by 1931. The reasons for the lowering in the 
level of the Great Lakes are various. By some it is laid to the completion of the drainage canal at 
Chicago, whereby a great amount of water is deflected to the sea via the Mississippi River instead of the 
St. Lawrence River. This is also having its effect on the available depths of the latter river. Another 
reason given for the lowering of the level in the lakes is the deforestation which has taken place in the 
Surrounding districts, both during and since the recent war, which has decreased the water supply, 
particularly in the spring of each year. 
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STEAMER LOSSES. 


Statistics show that the steamer losses on the Great Lakes are somewhat higher (from all causes) 
than in the case of ordinary ocean-going steamers. The year 1927 was the worst year in this respect for 
the past fourteen years. Inasmuch, as the vessels are, comparatively speaking, within easier reach of land 
than ocean-going steamers, one must look for the reason for this high percentage of losses, both in ships 
and human lives. Storms come up very quickly so that navigators have frequently very little warning of 
approaching trouble. Consideration of this matter also points to the necessity of more stringent regard 
being paid to the watertight sub-division. The question of load-lines is not so important in the case of 
the large freighters, as their freeboards are very largely in excess of what would be considered reasonable, 
due to draught limitations. In the smaller vessels, however, the question of load-line is important. 


WavVEs. 


It is usual in making strength calculations of ocean-going steamers to assume a length of wave equal 
to the length of the vessel, and the height to be s';th of the length. In the case of the Great Lakes, 
however, this procedure would not meet the conditions, as the waves are relatively much shorter and 
steeper. From Professor Sadler’s paper read before the Society of Naval Architects and Marine Engineers 
in 1922, it is shown that the longest average waves observed were about 300 feet, although it is stated 
that waves of 350 feet had been reported as seen on Lake Superior after a severe storm. The average 
height of these waves was computed as ,!,th of the length. Accordingly, in the calculations which are 
given hereafter, the length and height of wave assumed are 300 feet and 20 feet respectively. The 
relatively steep waves on the Lakes are a source of a great amount of deck damage, and the water being 
fresh, freezes more easily, which adds to the risks of bodily injury aboard. 


CarGoEsS CARRIED. 


The principal cargoes carried are iron ore, coal, grain and stone. Ore and grain are loaded at upper 
Lake ports, while coal is frequently shipped for the return trip, or the vessel returns in ballast. Last 
year over 51 million gross tons of iron ore were transported, almost 30 million gross tons of coal, 
13 million gross tons of grain (or over 515 million bushels), and 124 million gross tons of stone, or a total 
movement for the year of about 107 million gross tons. These figures show the tremendous volume of 
business carried on in the Great Lakes, and are strikingly interesting especially when we remember the 
comparatively short season during which navigation is possible, namely, from the beginning of April to 
the end of November or the beginning of December, say about 8 months. The average for any one vessel 
is about 25 round trips per season. From this will be realised how exacting are the conditions under 
which the vessels transporting these commodities are subject, particularly as to loading and unloading, 
and it may be stated, without fear of contradiction, that in no other part of the world do the facilities 
offered, so completely meet the demands for handling a heavy bulk cargo in a limited period, as in the 
loading and unloading facilities to be found in the Great Lakes. The principal ore receiving ports are 
Cleveland, O., Conneaut, O., Ashtabula, O , Buffalo, N.Y., Lorain, O., Fairport, 0., Toledo, O., Huron, O., 
Erie, Pa., and Detroit, Mich. 

From the Annual Report of the Lake Carriers Association (1927), statistics covering the past several 
years show that the average time spent in port, including both the receiving and discharging of cargoes 
was under 20 hours per trip, and the following gives some of the records :— 

The “D. G. Kerr” in September, 1921, loaded 12,508 gross tons of iron ore in 164 minutes. 
(Special Test). 

The “W. F. Wurre” in May, 1927, loaded 9,042 gross tons of limestone in 2 hours and 

| 9 minutes. 

The “D. G. Kerr” in July, 1921, loaded 13,876 net tons (2000 pounds) of bituminous coal 
and 369 tons of fuel, in 4 hours 30 minutes. 

The fastest unloading record for ore is the ““W1mi1am A. MoGonacux,” which unloaded 
11,445 gross tons of iron ore in June, 1927, in 2 hours and 20 minutes. 

The “Cart D, Brapiey” holds the record for the largest cargo carried. In August, 1927, 
she carried 15,724 gross tons of limestone from Calcite, Mich. to Buffington, Ind. and discharged 
this through her self-unloading system in 4 hours 52 minutes. The same vessel has since beaten 
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this record twice, first in July, 1928, when she carried 16,033 gross tons, which was unloaded at 
arate of 1 ton per second; and again in September, 1928, she carried 16,487 gross tons of 
limestone from Calcite to Buffington, Ind. The steamers next in order in this record are the 
“L. E. Buocx,” the “D. G. Kerr” and the “W. Grant Morven.” The “Harry CouLsy” 
would probably have appeared in this list but for the fact that she has been limited to areas of 
restricted draughts. 


TYPES. 


There are, roughly speaking, five principal types of vessels operating on the Great Lakes, namely : 
ordinary bulk freighters, self-unloading bulk freighters, package freighters, canal steamers and oil 
tankers. There are, of course, many other distinct types such as passenger vessels, lumber carriers, car 
ferries, barges and tugs. 

In this paper, it is intended to limit the discussion to the first two types given above, the self- 
unloader, of which there are about 30 in all, being really a development of the ordinary freighter and 
confining the remarks to the larger sizes, as these are almost exclusively the types now used in the 
carriage of the principal commodities already mentioned. 

The “Spokane,” built in 1886, is considered to be the first steel vessel of this type built on the 
Lakes. She was 270 feet O.A. x 38 feet x 24 feet. Compare this with the “Harry Cousy,” or 
the “Carn D. BrapLey” of 688 feet 9 inches O.A. x 65 feet x 83 feet. 

Within recent years the length and tonnage of bulk freighters have increased considerably, until now 
vessels of over 600 feet are common, and the possibility of vessels of 700 feet length, or even over, 
should not be deemed either impossible or improbable. 

The following list gives the ten largest vessels in service on the Great Lakes at the present time, 
arranged as to gross tonnage :— 


ee nee Near Registered Dimensions. perth, Roya x 
Length. Beam. Depth. } 
emoyne (Canadian)... Ses s+ 1926 621°1 70°2 25°4 29 10,480 
Harry Coulby... re i Ses|- 1927 615°2 65°2 28°6 33 10,180 
| L.E.Block .. .. «. «| 1997 | 6042 | 642 | 986 | 88 9,093 
Fred G@. Hartwell ... ... «| 1922 | 596 64 33 33 8,889 
Carl D. Bradley (Self-Unloader) ...! 1927 623°2 65:2 30°2 33 8,806 
William G@. Mather ... «.. «| 1925 | 590 62 32 82 8,662 
Donnacona (Canadian) es al 1914 604 59 32 32 8,611 
William P. Snyder, Jr, =... ws) -1912 || «590 64 34-2 38 8,603 
Col. James M. Schoonmaker... = 1911 590 64:2 34:2 38 8,603 
John A. Topping... Sa, xa 1925 592 62 32 32 8,345 
| t 


The “Cart D. Brapury,” (see Fig. 2), is the largest self-unloader on the lakes, the largest ordinary 
bulk freighters being the “Lemoyne” (see Fig. 3), and the “Harry Counpy” (see Fig. 4). The 
proportion of length to depth in the cases of the “Carn D. Brapiey” and “Harry Counpy” is about 
18}, and in the case of the “Lemoyne” about 21}. The proportion of the former (namely, 18}), 
represents average practice. The proportion of the “Lemoyne” appears at first sight to be extreme, 
but it must be remembered that the dimensions of lake vessels are largely the result of conditions of 
draught, loading and unloading facilities, over which the shipbuilder has little or no jurisdiction. The 
depth is limited-by combined considerations of draught, and the arrangements for loading and unloading 
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at the docks, while the beam is limited to some extent by considerations of the available arrangements at 
the loading spouts. The arrangements at the latter have been built for vessels up to about 60 to 62 feet 
beam, and in the event of vessels being built with beams much in excess of that amount, it would 
necessitate rebuilding the loading docks, due to the angles at which the spouts meet the vessels’ decks. 
The unloading docks do not present the same difficulties, and would not limit the dimensions to the 
same extent. 

On the voyage from Lake Superior to Lake Erie, two long winding rivers have to be navigated, 
namely, the Soo and Detroit Rivers, requiring quick rudder action. This has had its influence on the 
size of the rudder, necessitating large area, counter-balanced to reduce the torque on the stock. 


BuLK FREIGHTERS. 


The general arrangements of the bulk freighter is indicated in the profile and deck plan of the 
largest self-unloader, the “Cart D. BrapLey ” (see Fig. 5), and the similar sketches for the largest U.S. 
bulk freighter, the “ Harry Cou.sy” (see Fig. 6). The ordinary bulk freighters, such as the latter, 
are fitted with side tanks or hoppers (vertical or sloping) extending from the tank top to the level of the 
second deck stringer. In the case of the ‘“ Lemoyne” (Fig. 7p), the hopper sides were extended to the 
upper deck. In the earlier vessels the hopper sides stopped at the tank top, while latterly they have been 
carried right down to the bottom shell. On account of the unloading apparatus, all obstructions in the 
holds are removed, which accounts for the elimination of hold beams, pillars, and, as far as possible, 
bulkheads. The inner bottom plating and stiffening is fitted very heavy, to meet the wear and tear due 
to the unloading buckets. Heavy beams of arch construction are incorporated for the combined purpose 
of supporting the upper deck and stiffening the sides of the vessel transversely. As the spouts at the 
loading ports are spaced 12 feet apart, the deck hatches are either 12 feet apart centre to centre, or a 
multiple of same. In most of the older vessels the hatches are fitted nine feet wide in a fore and aft 
direction, spaced 12 feet centres, with three feet of deck between the hatches. On the later vessels the 
tendency has been to fit the deck hatches 12 feet wide, spaced 24 feet centres, with 12 feet of deck 
between. There are usually only three transverse watertight bulkheads fitted, namely, collision bulk- 
head, after peak, and bulkhead at forward end of machinery space. 

Besides these, however, there is generally what is termed a “dark hold” bulkhead fitted some 
distance aft of the fore peak bulkhead, so called because it is an inaccessible space underneath the fore- 
castle. The main cargo holds are divided by two or more screen divisional bulkheads to suit the Owners’ 
requirements. Another screen bulkhead is usually fitted between the engine and boiler rooms. The side 
tanks are fitted primarily for confining the cargo, as the double bottom has usually sufficient capacity for 
water ballast purposes. 

In the case of self-unloaders, the double bottom is constructed shallower, while the cargo holds are 
fitted with transverse hoppers sloping down to pockets (see Figs. 5, 7G and 7H). Beneath these pockets 
are placed the conveyors for carrying the cargo forward to the hopper elevator, which in turn raises the 
cargo to the boom conveyor, 

In Figs. 7A to 7H, inclusive, are shown the developments in the structures of these freighters as 
represented by their midship sections. Fig. 74 shows the earlier all transverse section with vertical 
hoppers ; 7B has longitudinally framed deck and sloping hoppers; 7c is an all longitudinally framed 
section with vertical hoppers; 7p is similar to the “ Lemoyne,” the hopper sides being vertical and 
extending continuously from the bottom shell to the deck ; 7 represents the modern practice of longitu- 
dinally framed deck and bottom with transversely framed sides and sloping hoppers as in the “ Harry 
Counsy”; 7F is a suggested development of 7 with the hopper side extending to the deck, and having 
a passage way in the side tween decks; 7G shows a self-unloader with longitudinally framed deck as 
in the ‘Carn D. BrapLey” ; and Fig. 7H is the same type of vessel as in 74 but with longitudinally 
framed deck and bottom. 

From the general observations already made, it will be apparent that these modern bulk freighters 
are of a specialised type peculiar to the Great Lakes, that they are the result of years of experience and 
development, and that during a comparatively short season they are constantly employed in a very 
rigorous service. ‘he structural arrangements have undergone continuously improved changes, 
accompanied by corresponding reductions in scantlings. 
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Moment oF INERTIA. 


The moment of inertia for each type of midship section illustrated in Figs. 7A to 7H (with the 
exception of 7D) have been calculated, assuming the same length, beam and depth in each case, viz. :— 
600 feet x 65 feet x 33 feet, taking the section through a hatch opening, no deduction being made for 
rivet holes in tension, and full allowance being given for all longitudinal material with the exception of 
intercostal side keelsons, one-third of whose areas only have been taken. These are :— 


re Moment oF NevutTrRAL AxIs 
TYPE OF FRAMING. INERTIA. ABOVE BASE. 
Ft.? x In? 
Fig. 74.—All transversely framed ... Ree ae oe 409,640 14:4 feet. 
» 7B.—Longitudinally framed on deck... Ps os ce 433,220 AO ee 
» 70.—Longitudinally framed on deck, sides and bottom re 465,360 at, 3, 
», 7£.—Longitudinally framed on deck and bottom ... “ee 455,020 14°25 ,, 
» 7¥.—Longitudinally framed on deck and bottom, with wing 
bulkheads extending to deck (4 in. plating above tank) 475,080 14°9 _,, 
», 7G.—(Self-unloader). Longitudinally framed on deck ane 444,500 14:6: 2., 
» 7H.—(Self-unloader). Longitudinally framed on deck and 
bottom ... ee awe we oe 2a soe 468,870 14515 5, 


STRESS CALCULATIONS. 


In approaching the subject of stresses in such structures, it must be realised that a large number of 
assumptions have to be made, and that the results obtained are of comparative value only. No one has 
ever, from first principles, arrived at the minimum dimensions and scantlings requisite for any particular 
ship, and it is safe to say this never will be done, in as much as we are dealing with forces that may come 
on the vessel the limits of which are unknown. On the one hand, therefore, the usual procedure is to 
calculate the stresses assuming certain standard conditions, using a factor to include the factor of safety 
and at the same time to cover any inaccuracy in the assumptions made. On the other hand, this method 
has a distinct value in comparing one vessel with another, such as in comparing a new vessel with one 
which has been tried out and found satisfactory. 

It was thought of interest to take a typical bulk freighter, and calculate the stresses under assumed 
standard conditions. As it is obviously impossible to attempt to obtain such stresses in all possible 
conditions of loadings, only such as it was felt would be of some interest and value were considered. 

For this purpose a bulk freighter was taken of the following dimensions and particulars :— 

Dimensions ... 600 feet x 65 feet x 33 feet. 


Weight of Hull a Ss os ; ~ ee 4,700 tons 
Fr Engines ... mae ee: 5 wey ood 300 ,, 
2 Boilers... aie ee fai rE dee ZOOe 4; 
Fuel ee 220 


The loaded draught has been taken as 20 feet., being 
limited to this amount for various reasons previously 
explained. At this draught the cargo carried is ... ay 13,880 ,, 

Load displacement ... 19,300 tons 


The standard wave has been taken as 300 feet x 20 feet, and as the maximum calculated stress is 
generally 25 per cent. to 80 per cent. greater by placing the hollow at the bow, stern and midships, as 
compared with the crest at these positions, the calculations have been limited to this, for brevity, for 
each wave condition. 

In constructing the hull weight curve, the usual ocean going method of dividing the vessel into 
three equal lengths and raising ordinates (commencing from forward) of *566, 1°195, and °653 times the 
weight of hull per foot, has been departed from, in view of the much longer midship body in the case of 
Great Lakes Freighters. The ordinates assumed in this case are, at F.P. °572, at + length forward and 
aft 1°125, at A.P.°676. This gives a closer approximation to the actual hull weight distribution. 


ar ts & 3) Stress in Tons rs 
Bending per sq. inch, Moment Hogging 
Moment. 


(ft. tons.) | Deck | Keel. 


Maximum Shearing 
Force (Tons). 


Displace- 
ment 


Position 


No. CoNDITION OF LOADING. Coeff. 
DxL Sagging. 
Bee 


Light condition. Coal bunkers | sii water, 


empty. No water in tanks. 891 


89,150 | 4°15 | 2°85 | 35:0 | Hogging. 


Light condition. (Tipped for 


ropeller examination), Coal : 
. a empty. Forepeak and Still water. 


No. 1 tank filled. 


6,610 | 1,125 880 


Fully and homogeneously loaded 
3 | to 20 feet even draught. Coal | Still water. 
bunkers full. No ballast. 


; 49,540 | 1°95 | 1:74 | 234-0 | Sagging. 


Hollow at i 
4 | Same condition as No. 3. bow, midship | 19,300 856 984 | 86,910 | 3°43 | 3°05 | 133-5 | Sagging. 
| and stern. 
| 


| Fully loaded to 20 feet even 
draught. Holds Nos. 1 aj 4 


| Hollow at, 
empty. Coal bunkers full. No kee 
oe ae 


bow ? pee 19,300 | 4,210 | 4,195 | 477,060 |18°8 | 16°75 | 24:3 
d stern. 


Sagging. 
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ballast. 


Fully loaded to 20 feet even | Hollow at 


| 
ea 
| 
6 | draught. Hold No. 2 empty. | bow, midship|19,300 | 1,596 | 1,403 | 182,990 | 6:2 x 87:0 


> 


Coal bunkers full. No ballast. | and stern. 
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Three of these, it will be observed, are still water conditions, the other three being amongst waves. 
Condition No. 2 is a very common one on the Lakes. These vessels are rarely dry docked, so that when 
an examination of the propeller is required, they are heavily ballasted forward, in order to tip up the 
after end. In this case the vessel was assumed to be lifted to a draught forward of 9 feet 84 inches, 
and 4 feet 8} inches aft. The stresses shown, although not unduly high, might easily be higher in 
practice, due to a possibly more accentuated distribution of fuel and ballast. 

The smaller stress in the fully loaded condition (No. 8) as against the light condition (No. 1) both 
in still water, is noteworthy, being due to the better adjustment of weight and buoyancy in the former 
than in the latter. 

Conditions Nos. 3 and 4 show that when the vessel is homogeneously loaded and floating in still 
water or amongst waves at an even draught of 20 feet, the stresses are very reasonable. 

Conditions Nos. 5 and 6 have been taken out to show the comparatively large increase in stress due 
to having one or two holds empty, and loading up the other holds to give the same total displacement as 
in conditions Nos. 3 and 4, on the same draught. This will serve to show the serious effect of unsym- 
metrical loading on these vessels, and while condition No. 5 is a very improbable one, it shows the 
stresses that are possible by improper and eccentric loading. These curves also show that the severest 
stresses imposed on the structure are sagging stresses. 

From a consideration of condition No. 1 arises the question as to the increased stresses in the case 
of a self-unloader of similar dimensions. This condition is given in Fig. 15, the particulars being as 
follows :— 

Vessel in light running condition, with coal bunkers full, also Nos. 5, 6, 7 and after peak tanks full. 
The vessel was assumed to be in still water with a displacement of 8420 tons, in which condition the 
maximum hogging bending moment was 106,200 foot tons. This gives a (tensile) deck stress of 4°8 tons 
per square inch, and a (compressive) keel stress of 3°7 tons per square inch. The bending moment 
coefficient is 48. These stresses compare favourably with those in the somewhat similar condition No. 1 
(see Table) for the ordinary bulk freighter, the increase in stress being due to the heavy weight of 
conveyor and machinery (560 tons) at the forward end of the self-unloader, as compared with the ordinary 
freighter. 

“From a consideration of the foregoing, strange as it may seem, it would appear that the stresses in 
Great Lakes bulk freighters are, on the average, and assuming the vessels to be homogeneously loaded to 
the present available draughts, less than in ocean-going freighters of the same length. ‘This is borne out 
also by the investigations of Professors H. C. Sadler and A. Lindblad, the results of whose work, made 
on behalf of the American Committee on Bulkheads and Freeboard, are given in the Transactions of the 
Society of Naval Architects and Marine Engineers, 1922. 


DEFLECTIONS. 


While it can reasonably be stated, therefore, that Great Lakes freighters are fully equal to their 
tasks in so far as their longitudinal strength is concerned, there appears to be some justification for the 
opinion expressed by some Owners that these long, and comparatively shallow vessels, are lacking in 
stiffness. ‘There need be no apprehension felt, however, provided ordinary care is exercised in the design, 
construction and loading. ; ‘ 

This question was touched upon recently by Mr. A. L. Cross, who has had a long experience with 
Great Lakes vessels, in a paper read before the Institute of Naval Architects and Marine Engineers, New 
York, in 1928. Having been associated with him on several occasions pertaining to this question, I can 
corroborate his statement that “ordinary ore vessels have been observed to deflect as much as 10 inches, 
while vessels fitted with heavy weights forward, as well as unusually heavy machinery aft, have deflected 
as much as 16 inches.” He refers in the latter case, of course, to self unloaders, in which the conveyor 
and machinery are situated at the fore end, weighing several hundred tons. In so far as the information 
which I have been able to obtain on this point indicates, it would seem that the maximum deflections 
have been observed on vessels in the light condition, and particularly in the case of self-unloaders. In 
fairness to the self-unloader, however, it requires to be borne in mind, that although they have a greater 
load at the forward end in the light condition, this does not necessarily apply in the loaded condition, as 
the ordinary bulk freighter is loaded further forward. In a list of observations which I have received 
from Lake Owners, the hogging in the light condition varies from a few inches up to about 164 inches as 
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a maximum, according to conditions of loading, ballasting, and temperatures. In the case of one of the 
vessels with a 16 inch hog, there was a difference of temperature between the water at the bottom of the 
ship and the vessel’s upper deck of about 50° F., when the readings were taken. The question at once 
arises, as to the increase of stress due to this temperature hog, and how much of the hog was due to the 
difference in temperatures between top and bottom. 

It was observed that the temperature difference changed overnight by about 35° F., and that the 
vessel then had about 53 inches less hog than before. In a paper read before the Society of Naval 
Architects and Marine Engineers in 1913, 8. F. Smith of the U.S. Navy, stated that a rise of temperature 
of 7° F., in one case caused a deflection of one inch. This is about the same comparative amount as in 
the case above cited. 

Assuming that the temperature gradient is uniform from the deck to the bottom, an approximation 
made from the equation :— 

h 


a (t; — t.) Pp. 


where a = coeff. of expansion, 
h = depth of beam, 
p = radius of curvature, 
(t; — t,) = difference in temperatures, 
shows that about 64 inches of “hogging” may be accounted for by the temperature difference, the radius 
of curvature being about 13 miles. 

The increase in stress due to temperature difference, assuming for the moment the vessel to be 

clamped rigidly at the ends, would be about 8 tons per square inch, as obtained from the equation :— 
= a(t,—t,) EB 
2 
where E = mod. of elasticity. 

However, as the ends of the ship are not rigidly constrained, and the draught is large compared to 
the temperature hog, there will be little resistance to hogging. In other words, the percentage of fixity 
of the ends is small, consequently the actual increase in stress set up by the temperature difference will 
be only a fraction of the above, possibly less than one ton per square inch. 

The hogging of these vessels in the light condition, therefore, within the limits already observed, 
while somewhat disquieting to the casual observer, should not be considered as indicating a serious 
condition. As pointed out above, a proportion of this may be due to temperature difference, the remainder 
being due to non-uniform support as between load and buoyancy. Further, the existance of hogging in 
a vessel is not necessarily associated with undue stress, while conversely a vessel may remain straight and 
yet be subjected to high stress. For example, it is conceivable that the ship might take a temperature 
hog, and that a load could be concentrated near midships sufficient to remove the deflection and so 
straighten the vessel out, yet comparatively high stresses could be induced by such conditions. 


STIFFNESS OF STRUCTURE. 


The sagging of wooden vessels used to be considered a common feature, and it was frequently the 
ractice to build them with a slight hog, so that after launching and in service they would straighten out. 
he introduction of steel diagonal strapping and edge-bolting counteracted very considerably this tendency 

to deflect. 

In the case of the early iron and steel vessels, the fact of their having been built with comparatively 
heavier material than modern vessels, and their lengths being limited to the smaller sizes, a much greater 
factor of safety was unconsciously introduced, both as to strength and stiffness. In vessels of ordinary 
dimensions and proportions, the usual method of comparing the longitudinal strength also provides 
adequate stiffness, but where the proportions are high, particularly length to depth, in as much as the 
deflection increases at a more rapid rate than does the longitudinal stress for the same increase in the 
vessel’s length, special care should be excercised in this respect. 

On the whole, therefore, it would appear that the scantlings cannot be reduced from present standards, 
more from stiffness considerations than strength. There is also the question of future possible draughts 
to be considered, as existing vessels may be loaded deeper by several feet, through the deepening of the 
channels, rivers and canals. 
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It is suggested that particular attention should be given to the following points as being worthy of 
consideration in these vessels, especially the self-unloaders :— 

(a) The deck and bottom should be longitudinally framed. 

(6) The deck longitudinals should be as deep as possible, consistent with the weight and other 
considerations. 

(c) They should be adequately bracketed on both sides to, and if possible continued through, 
all screen bulkheads and transverse webs. 

(d) The butts of the longitudinals should be well shifted clear of each other, and should be 
adequately strapped. 

(e) In vessels of over 184 lengths to depth, the hopper sides should preferably be continued 
up to the weather deck. (See Fig. 7F). 

(f) An adequate number of transverse screen bulkheads (or their equivalent) should be fitted 
and these should be constructed about equivalent in strength to watertight bulkheads. 
The intermediate transverses and webs should also receive special attention. 

(g) The outer and inner stringers, also the sheerstrake butts, should be overlapped, not 
strapped, for reasons given below. 

In the case of self-unloaders, some advantage would be gained both as to longitudinal strength and 
hogging in the light condition, by placing the conveyor and machinery amidships instead of forward. A 
suggested arrangement is shown in Fig. 16. Compare this with the same profile in Fig. 5, which shows 
the conveyor at the fore end. 


STRENGTH OF RIVETED JOINTS. 


As will be observed by reference to Figs. 5 and 6, the thickness of the two deck stringers and the 
sheerstrake in the larger vessels are 51 Ibs. (1} inches) thick. The usual practice in way of the butts is 
to fit double buttstraps, the inner being 314 inches x 82 lbs. (‘78 inch), and the outer 24 inches x 34 lbs. 
(‘83 inches). The arrangement of the riveting in the butts is illustrated in Fig. 17, the inner strap being 
quadruple riveted and the outer treble. The rivets are 1} inches diameter and the holes are subpunched 
and reamed to size, 7.¢., y4;nd inch larger, to allow for the rivet to be inserted. 

Observations made of these butts in several vessels which have been in service for some time, have 
shown a slight slippage in the joint, averaging ,{;th inch at each midship joint. Without going into 
details regarding the strength of riveted joints, it may be taken for granted that the following are the 
four chief considerations in this respect, viz. :— 

(a) Shearing of rivets on one side of the butt ; 

(6) Fracture through a row of rivet holes ; 

(c) Crushing of the plate in way of a rivet, and 

(d) Friction, which is the resistance of the joint to the plate sliding or slipping from 
the straps. 

Usually the last mentioned is eliminated as being unimportant, and in the case of joints of thin 
material, the fit of the straps, together with the quality of the riveting, is generally such that this feature 
can justifiably be eliminated. In the testing of riveted joints, however, such as those carried out by 
Dr. Montgomerie several years ago, it was clearly shown :— 

(a) That friction is the principal initial factor in the resistance of a joint, 
(b) That as the thickness of the plates to be connected increases, the stress at which slip 
takes place decreases, which shows, 
(c) That careful workmanship on joints of thick plates, obtainable in practice only when 
hydraulically riveted, is exceedingly important. 

As shipbuilders on the Great Lakes are opposed to the use of hydraulic riveting, even if such were 
practicable under the prevailing conditions, it is evident that very special attention must be given to this 
detail of construction. Vessels, too, are increasing in length, which means the introduction of even 
thicker material in the topsides than 1} inches, or steel of high tensile quality. 

In a joint such as that shown in Fig. 17 (see section), the impossibility of obtaining a finished 
1} inch rivet completely filling the hole in way of the plates without hydraulic pressure is apparent. In 
the first place, the rivet holes are ;'; inch over size to allow the heated rivet to be put in; the rivet is so 
long that the hammer blows do not reach the centre ; the rivet on cooling contracts and leaves a space 
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at the middle of the rivet in way of the plates; the consequence is that the rivet holds the peg 
at head and point only, and except for the friction of the joint, the plates are free to slip by the 
amount mentioned. 

For these reasons, it is suggested, unless hydraulic riveting is obtainable, that the joints in the upper 
deck stringers and sheerstrake should be quintuple overlaps. This would eliminate any tendency to 
slippage since the rivets would be shorter, therefore a better fit, with only two thicknesses instead of 
three. While the quintuple riveted overlap does not give quite as high an efficiency (theoretically) as the 
double straps now fitted, it is suggested that the practical efficiency would be very much higher in view 
of the reasons already advanced. 

On the other hand, it might be considered advisable for shipbuilders on the lakes to equip their 
yards for hydraulic riveting, for use in as much of the upper strength members as practicable. Ship- 
owners on the Great Lakes are realizing the advantages to be derived from the use of vessels of large 
tonnage in reducing the cost of carrying their cargoes, but the cooperation of the shipbuilders is also 
necessary, if the size of vessels is not to be limited by considerations of available riveting methods in 
joints of important strength members. 


. BaLLaSTED ConDITION, 


Tt is usual in fair weather for bulk freighters when travelling light, to have the forepeak, Nos. 1, 
2 and 3 tanks empty, No. 4 about one-quarter full, and the remainder full, except, perhaps, the after 
peak, according to trim conditions. In this condition the draughts forward will vary from about 2 feet 
to 5 feet, and aft from about 12 feet to 17 feet. In stormy weather in the light condition, all the tanks 
should, of course, be run up, to put the vessel down on a more even keel. 

It has been found impossible in the time available, to consider in detail the stresses due to various 
ballasted conditions, but as an illustration, compare condition No. 2 (see Table), which shows that the 
stress in an abnormally ballasted light condition in still water may be more than the stress in the 
homogeneously loaded condition amongst waves, as shown in condition No. 4. 


ConcLUSION. 


After all, the criterion is to be found in the manner in which these ae bulk freighters have 
withstood, year after year, many adverse conditions both as to loading and weather, and from that angle 
we can safely say they are fully adequate for the service required of them. 

They may be somewhat limber as regards their longitudinal rigidity, the remedy for which is more a 
matter of rearrangement than of additional material. The importance of obtaining an even distribution 
of material requires to be borne in mind. Abrupt changes should be carefully avoided or compensated 
for, as these induce much higher stresses than those computed. 

On the other hand, the onus for the safe and successful operation of these vessels should not be laid 
wholly on the shipbuilder, as mismanagement, neglect, and improper loading and ballasting, can do much 
hayoc on any structure, and lead to all kinds of trouble. 
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DISCUSSION ON MR. W. BENNETT'S PAPER 


ON 


GREAT LAKES BULK FREIGHTERS. 


Mr. H. Dickerson. 


What has forcibly impressed me about lake steamers is the apparent lack of adequate water- 
tight sub-division. It would, I think, be practically impossible for one of these large ships to remain 
afloat after being badly holed. Perhaps the author will let us know whether losses of lake steamers 
occur more frequently when in the ballast condition than when fully loaded? TI should not be 
surprised if this were so. 

The stresses in the loaded condition (excluding case 5) are not high, and no doubt this is accounted 
for by the fact that comparatively short waves are encountered in the Great Lakes. 1 think, however, 
that in the ballast condition, these vessels will sustain shocks and buffettings as severe as would be the 
case were the waves twice as long, the effect of which will be to produce in the structure stresses of much 
greater magnitude than indicated in the calculations. 

I am not sure that the severity of the stresses experienced by vessels when light or partially loaded 
is always fully appreciated. 

It would be interesting if Mr. Bennett were to give us further particulars regarding the causes of 
the losses of these vessels. This additional information might enable us to understand better the 
statement in the first paragraph of the conclusion of the paper, to the effect that lake steamers are fully 
adequate for the service required of them which statement it is somewhat difficult to reconcile with 
another in the section “ Steamer Losses,” to the effect that the losses of these vessels are higher than for 
ordinary ocean going steamers. 

A deflection of 164 inches in a ship about 600 feet long, or a ratio of deflection over span of about 
zhy, does seem excessive. In a riveted structure, such as a ship, it is the range and the rate of change of 
the deflection which is of great importance, and if, in a lake steamer, the former is anything like 163 inches, 
I am not surprised to read that slippage occurs in the butts of the sheerstrake and stringer plates; in 
fact it is just what one would expect to find there. 

I consider that Mr. Bennett’s paper will be found to be of great assistance in the consideration of 
designs of a type of ship about which reliable information is somewhat scarce. 


Mr. J. GARDINER. 


I have read Mr. Bennett’s paper with great interest, as it takes me back to my Chicago days of 12 
years ago. Although I have never actually surveyed any of these Great Lakes vessels I have watched 
them being built and have observed them from time to time in service. 

What impressed me most when I first saw them was the fact that in view of the very heavy weather 
which is sometimes experienced on the Great Lakes, one finds vessels of 600 feet, single deck ore carriers, 
of bad proportions (i.e. D to L), all hatchway, no deck worth speaking of to prevent racking, only three 
watertight bulkheads—they appeared to me to be mere shells for the heavy work intended, and the rough 
usage to which the vessels were subjected, and one wondered at their longitudinal rigidity—and yet 
they seem to do the work. ; : 

These vessels encounter a lot of ice, and consequently are generally speaking corrugated vertically 
between the frames right fore and aft, due to this ice damage—so much so that one would almost think 
they are entitled to the special notation “ Corrugated Sides.” 
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Regarding the a 008 at the bottom of page 2, I think that even for America loading 12,508 tons in 
16} minutes is some loading, and some speed. he last page shews a deck stringer double buttstrap 
with the inner strap quadruple riveted—this is Great Lake practice, and it has always seemed to me that 
the outer fourth row of the bottom strap was superfluous, as the plate could break through the third as 
well as the fourth line of holes from the butt. 

I think we are all indebted to Mr. Bennett for his most interesting paper. 


Mr. R. B. SaepHearp. 

The table on page 5 affords interesting comparative figures of the section moduli for the 
various types of construction for the 600 ft. laker considered in the paper. The greatest modulus is 
26,250 sq. in. x ft. for 7r, while the values for the other types range from 96 per cent. of this figure for 
7c, to 91 per cent. for 7B, and 84 per cent. for the “all transverse” arrangement 7A. It would be 
interesting to know how ships of such widely different strengths (on paper) have behaved in service, and 
what should be considered a satisfactory standard for future design. Would the author state the type of 
construction adopted for the strength calculations in the paper ? 

The section modulus of a typical canal type laker 253 ft. x 43 ft. x 20 ft. is about 15 per cent. in 
excess of the load line standard in way of baincen For the 600 ft. laker, with such extreme proportions, 
and where stiffness is so important, the load line standard, is, of course, not applicable as a basis of 
design, but it is interesting to note that the modulus of 7F is 9 per cent. below the above standard. 
The smaller ship may encounter in service waves of her own length, and of greater height than the 
conventional standard, while the large vessel will rarely be stressed by waves exceeding half her length. 

' Neglecting the extreme conditions of loading represented by 5 and 6 in the table on page 6, the 
stresses appear to be highest in light and ballast hogging conditions such as 1 and 2, for which conditions 
the author also states that the observed deflections are greatest. It would be illuminating to know the 
effect of waves on the stresses in such conditions. The author’s statement that ‘the severest stresses 
imposed on the structure are sagging stresses,” appears rather misleading. 

The inefficient nature of the topside butts in these vessels no doubt tends to increase the deflection. 
Making allowance for temperature effect, one would expect that a comparatively low value of E or 
‘“‘apparent modulus,” as Dr. Laws calls it, would be necessary to bring the deflection obtained by 


integration of the Mt curve into agreement with the deflection observed in the ship. 
T should like to thank the author for his interesting paper. 


Mr. W. THomson. 

Mr. Bennett has given many interesting particulars regarding the service and the general design of 
lake steamers but it is only the more technical sections that offer scope for comment. 

The basis of strength calculations for these vessels differs in many respects from that adopted for 
ocean going ships and, in particular, the adoption of a maximum length of wave involves the creation of 
a new standard. While it is probably correct that waves of 350 ft. in length are the longest encountered 
on the lakes, it is igi true that, as regards vessels 600 ft. long, very few sea-going ships ever meet 
waves of their own length. The difficulty of applying the principle of varying wave lengths in ordinary 
cases has been the impossibility of reaching general agreement as to the maximum length to be assumed 
and the standard practice, in association with a calculated stress increasing with the size of the ship, has 
been found, over a long period, to give satisfactory results. 

The basis proposed by Professor Sadler adopts the Load Line Committee standard for vessels up to 
350 ft. in length with a lower coefficient after the maximum length of wave has been reached. 

Perhaps the author could tell us if he considers it necessary in vessels of this size to adopt the same 
standard in the smaller types as in sea-going steamers and whether a somewhat lower standard could not 
be accepted generally for lake vessels. 

I am somewhat disappointed with the section dealing with deflections. The author mentions that 
in some instances a deflection of as much as 19 in. has been observed and with such figures as a basis 
some interesting comparisons between observed and calculated deflections might be made. 

In sea-going vessels these deflections are relatively so small that it is difficult to make any useful 
deductions but with the figures given in the paper it should be possible for the author to throw some 
light upon this vexed question, 
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Mr. 8. TowNsHEND. 

On page 2 the author refers to the higher losses of Great Lakes steamers as compared with 
ordinary ocean going steamers. This is somewhat surprising. The suddenness of storms and insufficient 
watertight sub-division are mentioned, but I presume the author does not consider that these account for 
the losses. If aship is fit, it will withstand storms satisfactorily whether they come suddenly or not. 
There might be some laxity in protecting the deck openings or in handling the ship which might render 
it more susceptible to damage if suddenly assailed. 

Increased watertight sub-division would not prove a remedy even if the standard of ocean going 
ships were obtained, for the rules of this Society for cargo ships do not satisfy even the one compartment 
standard of watertight sub-division. 

There are, I understand, no regulations limiting the loading of Great Lakes ships to the designed 
draught. This perhaps may be a contributory cause to the higher losses. 

With reference to the tables on pages 5 and 6, will the author say if the scantlings of the ships 
were such as could be recommended for the 199A class, for service on the Great Lakes, and will he also 
state what type of ship and system of construction has been used in the table on page 6. 

When comparing the stresses in the table on page 6, with the stresses in ocean going ships, care 
would have to be exercised, for allowance appears to have been made by the author for rivet holes in the 
tension members. If the more modern method of not making allowance for rivet holes be adopted the 
tension stresses would be about 12 per cent. less than given in the table and the compression stresses 
about two per cent. less. A further correction would be necessary on account of intercostal material 
being given credit for in the calculation to the extent of 33 per cent. of its area. 

I would draw attention to condition 6 in the table on page 6. This is stated to be a sagging con- 
dition, but examination of the loading diagram on page 28 shows that it is a hogging condition. Now 
the author emphasises that the loading in condition 5, is to be regarded as a fanciful one illustrating 
the extreme stresses resulting from abnormal or injudicious loading. If we ignore, therefore, condition 
5 we find, I think, that the most severe stresses are hogging stresses and not sagging stresses as quoted 
by the author. Quite possibly if the two end holds were empty we might have hogging stresses more 
severe than the sagging stresses in condition 5. 

I do not think the author is quite correct in leading us to regard it as strange that the stresses in 
Great Lakes bulk freighters are less than in ocean going freighters of the same length. The conditions 
of assumed sea-support in the case of the larger vessels are so much in favour of the bulk freighters that 
it would be strange if their stresses were ot less than in ocean going ships. 

The author in his paragraph in “ Deflections,” says that there appears to be some justification for 
the opinion expressed by some owners that these long and comparatively shallow vessels are lacking in 
stiffness, and, in his paragraph in “Stiffness of Structure” he says that on the whole, therefore, it would 
appear that the scantlings cannot be reduced from the present standard. Some suggestions are then 
given as to how the stiffness can be improved. _It appears that there is an admission that the ships are 
not quite stiff enough, but the author produces no comparative figures or data to show how he arrives 
at this conclusion, beyond the high percentage of loss already referred to. 

Mr. Bennett has undoubtedly a wide experience of Great Lakes freighters, and the work involved in 
the preparation of his paper obviously has been long and laborious. _It is therefore, I think, a great pity 
that the author has limited the scope of his paper as set forth in his opening paragraph and has not 
passed on to wider and more comprehensive conclusions and deductions than the few he has given. 

For example he might have stated in general terms the amount of stiffness desirable in Great Lakes bulk 
freighters taking as a basis the stiffness suggested by Professor Sadler. I believe that Professor Sadler 
found from an analysis of a large number of ships up to about 600 ft. long that the average minimum 
inertia of the midship section for a uniform draught of 19 ft. could be expressed in the formula :— 

t= <BR x Dx © 
Where I = Inertia of midship section in ft? ins*. 
L = Length B.P. 
= Breadth moulded 
D = Depth moulded 
C = Constant : 

The value of C given by Professor Sadler was 35. The values of C in the examples given by the 

author on page 5 range from *32 to °37. 
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Again some indication might have been given as to how, in actual practice, the values of the 


longitudinal strength factor “f” ( Load Line Committee’s formula f = Y.B.p.) compare with those 


suggested by Professor Sadler for Great Lake steamers, particularly for those ships above 800 ft. in 
length. In the examples given on page 5 the “f” strength factor ranges from 11 per cent to 32 per cent 
in excess of the basis suggested by Pistowor Sadler. 

Further, some guide might have been suggested as to the strength of the framing compared with 
that of ocean going steamers. All this easily comes within the title and scope of the paper and would 
make it very much more useful. 

With reference to items (c) and (d) on page 9, are they put forward because it is a custom not to 
carry out the arrangements as recommended ? 


CORRESPONDENCE. 


Mr. C. C. GEARING. 


T have read Mr. W. Bennett’s paper on these ships with interest, as I had a lot to do with them 
about 20 years ago. 

I do not see any reference in the paper to the Society’s connection with the Great Lakes, and as 
some of the members may not be aware of this, it may be recalled that, in 1898 the late Mr. H. J. Cornish, 
then assistant to the Chief Surveyor, and the late Dr. 8. J. P. Thearle visited that district, and made a 
thorough investigation of the conditions obtaining there and the vessels in service, as a result of which a 
set of draft rules was prepared. 

The classification of these vessels, however, did not then materialize. 

In 1909 Sir Joseph, then Mr. Isherwood, began his connections with the Great Lakes, and the 
progressive owners there, realizing the suitability of the longitudinal system for these extremely 
proportioned ships, built a good number of them on this system. 

Mr. C. Buchanan, then assistant to the Chief Surveyor, also visited the district in 1909, and 
returned to London with a quantity of information on which was prepared a set of draft rules, which 
was disseminated among the local owners, builders, &c., for their remarks and which met with general 
acceptance. 

It is not too much to say that these draft rules had a great deal to do with the development and 
improvement of the construction of these ships, although, unfortunately, the Society has never received 
its due meed of credit for this, nor the extension of its business which might reasonably have been 
expected therefrom, although a number of these vessels have been, and continue to be, classed 
principally on the longitudinal system, or an adaptation thereof. 

urning to the Paper it is noticable that the available draught does not vary much from that of 
20 years ago, the governing factor for large vessels being the depth of water available in the Sault St. 
Marie (or the ‘‘ Soo”) locks, which was about 19’ 0”. 

Professor Sadler, who hails from Glasgow, is an authority on these vessels, and has done an amount 
of useful work in investigating their properties. He is of opinion that they are as strong, for their 
service, as the ordinary seagoing cargo vessel is for hers. 

The tabulated stress results on page 6 show that these are quite low for such a long, extremely 
proportioned ship, under reasonable conditions. As it would appear that the stresses in the deck for 
conditions 3 and 4 are less than for condition 1, it would seem advisable to carry the calculations a step 
further and investigate the conditions for other positions of the waves. 

It is of course apparent that these ships are, on account of their proportions, likely to be more 
lasting in stiffness than in strength. 

I have been informed of a case wherein commencing to load one of these 600 feet ships from the 
after end, and proceeding regularly with the loading tat the foremost end, the ship deflected to such 
an extent as to cause steps to be taken quickly to straighten her. On the subsequent voyage she was 
found to be leaking considerably in the side tanks and, on examination in dry dock, it was found that 
the rivets in the seams and shell plating at the upper turn of the bilge, for the greater part of the length 
were loose and could be turned round by hand. ‘This of course is one of the first things that should 
be guarded against in ships where the inertia of the midship section material is low and which may be 
subjected to heavy shear forces. 
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Mr. G. Drummonp. 


Mr. Bennett’s paper on “Great Lakes Bulk Freighters” contains some very interesting and 
instructive information, and offers little opportunity for criticism. 

With regard to the author’s remarks on steamer losses, the fact that vessels of the Great Lakes are 
comparatively close to land most of the time would seem to add to the dangers of navigation. Collisions 
and groundings on the narrow waters are frequent, and during severe weather especially near the close of 
navigation on the upper lakes, vessels are occasionally driven ashore. Steamers of the modern type are 
unable to head around in heavy weather owing to their long length and comparatively small propelling 
power. However, the total losses through stress of weather are comparatively few on the average, and 
have been chiefly confined to the smaller vessels. In the case of the larger vessels, however, heavy 
weather damage is very frequent, resulting in loosened rivets especially in the upper deck stringer and 
sheerstrake butts. 

The obtaining of efficient riveting in the stringer and sheerstrake butt joints is, as pointed out by 
Mr. Bennett, all important, and some arrangement other than the present thick buttstraps appears 
unavoidable, if the standard of workmanship is to be maintained. Hydraulic riveting would doubtless 
solve the problem, but it would slow up construction and add considerably to the expense of building. 
At the present time it takes about six months to complete a standard Great Lakes freighter from 
the time the material is received at the shipyard, the cost per gross register ton being about $70-00. 
In my opinion good riveting in these butts can be sheainal and the rivet holes filled sufficiently to 
prevent slippage, provided pneumatic riveters of sufficient power are used and the rivets carefully driven, 
as such is everyday practice in boiler shops. The conditions under which these vessels are built, 
however, make it very difficult to accomplish this, and the author's suggestion to fit quintuple riveted 
overlaps would, I believe, be a great improvement to the present practice of fitting double straps, and 
would undoubtedly add to to the efficiency of the upper structure. 

The unloading machinery is a source of damage to the sides of the wing tanks and the double 
bottom, necessitating frequent repairs. In good weather, when the vessel is running light, the side 
tanks are empty, but in heavy weather they are used for ballast. Damage to the shell plates is frequent 
through collisions, and the side tanks prevent the wetting of the cargoes, which is very important in the 
case of grain. It may be of interest to state that the unloading machinery for iron ore consists of a 
rocking beam arrangement, electrically operated, with vertical leg and grab bucket at one end which 
descends with the operator into the hold of the vessel, brings out about 20 tons at a bite and deposits 
it on the deck or into railroad cars. This operation is done in a few minutes, and several of these 
unloaders work together on one vessel. 

The machinery of the “Carn D. Brapiey” is noteworthy inasmuch as the vessel is fitted with 
turbo-electric drive equipment, water tube boilers, superheaters, mechanical stokers, coal conveyors, air 
preheaters, &c. The main turbine generator, with a direct connected auxiliary generator, supplies under 
normal conditions, all power for propulsion and for driving the motor driven auxiliaries. The speed of 
the propulsion motor is controlled by varying the turbine speed and by resistances in the main motor 
circuit. Operating tests conducted by the owners show that for all purposes the coal consumed per 
shaft horse power hour is from 1°15 to 1:2 pounds when running under constant steaming conditions, 
as against 1°5 to 2°25 pounds per shaft horse power hour for steam reciprocating engines operated on 
the same service. 

The author is to be congratulated on his valuable addition to the records of the Society, as 
information on this subject is very scant in the Transactions of the various professional institutions. 


Messrs. 8. T. Brypen anp C. A. TowNSHEND. 


We have read Mr. Bennett’s paper with considerable interest and are of the opinion that the 
rapidity with which the vast cargoes of the bulk freighters are loaded and discharged surely constitutes 
the eighth wonder of the World. 

We are somewhat surprised to learn that the steamer losses on the Great Lakes are higher than in 
the case of ocean-going steamships, and should be grateful if Mr. Bennett would state the number and 
total tonnage of vessels lost in any one year, say 1927, and would also express, as a percentage of the 
whole, the principal causes of loss, 


LHOISM 


Fig. 1. 
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When we read, on page 9 of the paper, that the author is of the opinion that some advantage as 
to longitudinal strength would be gained by placing the conveyor and machinery amidships instead of 
forward in the case of u self-unloader, we were inclined to differ from him, for we considered that in the 
fully laden condition, with a wave crest at bow, stern and amidships, the stresses would be greatly 
increased with this arrangement. 


With this idea in our minds we made an approximation to the stresses, basing our weights, section 
moduli, &c., on information obtained from the paper. The resulting curves are shown in Fig. 1. 


We were pleasantly surprised to find that the stresses worked out considerably lower than we had 
anticipated. The maximum bending moment (amidships) is about 99,550 foot tons. Using section 
moduli of 22,125 and 28,705 for the deck and keel respectively (see the sixth paragraph of page 7) the 
stresses would be deck, 4°5 tons per square inch, and keel (compressive) 8°5 tons per square inch. It will 
be seen that these are not seriously higher than the stresses given for the ordinary bulk freighters in the 
sagging condition (No. 4), so where we set forth prepared to blame, we remain to praise, and to thank 
Mr. Bennett for a very interesting paper. 


REPLY BY THE AUTHOR. 


I wish to express my thanks to those who have taken part in the discussion on this paper, and I will 
now endeayour to answer the questions raised. 

In the first place my thanks are due to Mr. Gearing for his supplementary information regarding the 
draft Great Lakes Rules, the compilation of which he was, to a large extent, responsible. The majority 
of the larger bulk-freighters built within recent years have been constructed to one or other of the longi- 
tudinal framing types, and have met with undoubted success under the severest weather conditions. The 
last paragraph of his remarks is of interest, as showing the care which has to be exercised in the loading 
and unloading of these abnormally proportioned vessels. In this connection I might state a somewhat 
similar experience in the case of a 600 ft. vessel which was tipped for propeller examination. After 
repairs had been made to the latter, the ship was brought back to level draft. It was observed later that 
both stringers were fractured on one side of the ship at a point just aft of midships. 


In reply to Messrs. Bryden and C. Townshend, I would state that in 1927 there were 18 vessels 
lost, of 26,750 gross register tons. Of this number 46 per cent. were lost due to stranding, 38 per cent. 
due to fire, and 16 per cent. due to foundering. 


I would refer Mr. Dickerson to Mr. Drummond’s remarks in explanation of the probable causes of 
Great Lakes losses. Undoubtedly the service is much more hazardous for vessels caught in a storm when 
in ballast condition, As mentioned on page 2, statistics show that steamer losses on the Great Lakes are 
somewhat higher than in the case of ordinary ocean-going steamers, but the third last paragraph to 
which Mr. Dickerson refers deals only with large bulk freighters, which fortunately have been, up to now, 
practically immune from any serious disaster, the losses being confined to vessels up to about 350 
or 400 ft. 


Mr. Drummond’s remarks are particularly interesting, inasmuch as he is in constant contact with 
this type of vessel, and is, therefore, in a position to give first-hand information. 


Mr. Gardiner refers to the stringer buttstraps, and questions the value of the practice of making the 
inside strap quadruple and the outside treble riveted. ‘The purpose of this arrangement is to graduate 
the strength of the buttstrap into the plate in a manner somewhat similar to the Admiralty practice of 
omitting the alternate rivets in the back row of wide butistraps. Whether the latter is good practice is 
questionable. 

Answering Mr, Shepherd’s first paragraph, I would say that the order given in the Table on page 5 
corresponds with the comparative suitability of the various types in the order given. The type used in 
connection with the calculations is that shown in Fig. 72, which is taken from a classed vessel. This 
was inadvertedly omitted to be mentioned in the text. 

Mr. Thomson raises an interesting point in regard to the question of varying wave-lengths for ocean- 
going vessels and the creation of a maximum wave-length in the case of Great Lakes vessels. He appears 
to be of the opinion that it would be preferable to pursue the same procedure in calculating the stresses 


8 


in Great Lakes vessels as in ocean-going vessels. The argument against this is that careful official 
observations have been made over a period of years regarding the length of Great Lakes waves, and these 
have shown conclusively that 350 ft. is about the maximum length to be expected under the most adverse 
conditions. No such official observations have been made of ocean waves, and until that is done the 
creation of a maximum wave length for ocean-going vessels is out of the question. On the other hand 
such official observations having been ascertained on the Great Lakes, it appears reasonable that 
advantage should be taken of this knowledge, thus providing a basis more nearly in accord with the 
actual conditions. 

For Great Lakes vessels up to 350 ft. length, in my opinion the standards should be the same as in 
the case of ocean-going steamers. No advantage could be gained by lowering these standards except for 
vessels used in special protected services. As already stated. most of the losses reported on the Great 
Lakes within recent years concern vessels under 350 ft. in length. In the case of vessels above this 
range, undoubtedly the ocean going standard would be excessive and could not be justified either from 
theoretical considerations or from experience. 

1 am afraid, not being a prophet nor the son of a prophet, that I cannot attempt to answer Mr. 8. 
Townshend’s inquiry as to the cause of the high percentage of losses on the Great Lakes, but increased 
watertight sub-division would, I believe, help considerably in this respect. It has been proven again and 
again that most of the losses on the Great Lakes have been attended with almost immediate sinkage of 
the vessel, allowing no possible chance of salvage either of crew, ship or cargo. 

The question of load-lines referred particularly to the smaller types, as the larger bulk freighters do 
not load deeply, due to draught limitations. Compulsory load-lines for the smaller types would be an 
advantage, and conversely the lack of such regulations, as Mr. Townshend suggests, is probably a 
contributory cause. Unfortunately, the new U.S. Load-Line Bill, which comes into effect in February, 
1930, is not mandatory on U.S. flag vessels engaged on the Great Lakes or in coastwise service. 

1 am obliged to Mr. Townshend for calling attention to the typographical error given in the last 
column of Condition No. 6. This should be a hogging condition. As regards the statement that the 
severest stresses imposed on the structure are sagging stresses, I would like to explain that it is the 
practice on the Great Lakes to distribute the cargo, as far as can reasonably be done, forward and aft 
rather than amidships, with a view to minimising the sagging stresses which are known by experience to 
be more severe on the structure. 

There are certainly many other phases of the subject which one could have dwelt upon, given time 
and opportunity, but the paper is already enlarged more than at first intended. 


PULVERIZED FUEL AND ITS PARTICULAR 
APPLICATION TO MARINE BOILERS. 


By E. W. WOODESON. 


. Reap 20TH Fesruary, 1929. 


. In dealing with a subject like Pulverized Fuel, one can only deal with a few of its more special 

applications due to its ever growing field of operation. 

In this paper the author will specialise on the use of this method of firing of marine boilers more 
particularly, and results obtained up to date. 

The pulverizing of coal is by no means a new method of obtaining combustion, and, in fact, efforts 
were made as far back as 1840 to abstract the heat units from the coal by this means. 

Since that time, and particularly during the last decade, the subject has been treated in a very 
thorough manner. The reasons for this are obvious. 

As far as our own country is concerned, and, in fact, the same thing applies in other countries, in 
pre-war days the cost of coal was very low, and the same careful thought and detailed consideration were 
not given to the questions concerning combustion as exist at the present day. The utilization of the 
lower grades of coal was not entered into, as it was not found an economical success to use the lower 
grades of fuel. 

Since that time, however, the price of coal has increased considerably, and a number of causes, 
including development of foreign mines, keener competition, etc., have turned the minds of engineers 
and scientists alike to the most efficient means of utilizing the lower grades of coal produced in the mines. 

Broadly speaking, there are two distinct systems of pulverizing coal, firstly, the central system, and 
secondly, the unit system. 

In the central system the coal is pulverized in a large central mill, which may be of the roller or 
ball type, and from there is transported into pulverized coal hoppers, from which it is fed by means of 
screw feeders or other means to individual burners. One central plant may be capable of firing any 
number of boilers or furnaces within reason, and usually two such pulverizing plants are installed, one to 
do the work, and one as standby. ‘The firm which has made the greatest headway for central 
pulverization stations, and who have the largest number of plants working, are the International 
Combustion, Ld., who have some of the largest power stations working in the world. 

In the unit system, with which the author is more intimately connected, the coal is fed into the 
pulverizer and blows direct to the burners without any intermediate storage, the coal feed of the pulverizer 
being varied to suit the varying load conditions of the boilers or furnaces. 

There are several unit pulverizers on the market, such as the “ Resolutor” made by Clarke, Chapman 
& Co., “ Atritor” by Messrs. Alfred Herbert, “'The Impact Mill” of Messrs. Fraser and Chalmers, “ The 
British Rema” and others. 

Of course unit mills may be installed in a central plant, and the pulverized coal collected in bins in 
a similar manner as in the case of the large roller mill. 

It is impossible to say which system should be installed in a general way as each case should be 
considered individually, but generally speaking, especially for smaller plants, the unit system is more in 
favour due to its simplicity, and several of the larger stations are being equipped with unit pulverizers at 
the present day. ’ 

Quoting figures from America, in 1925 the total boiler H.P. installed on the unit system was 30,000 
and working under the central system was 85,000. In 1927 the total boiler H.P. installed working on 
the unit system was 160,000, and on the central system 112,000. These figures apply to the use of 
pulverized fuel in industrial plants. i 

The pulverizer with which the author is most intimately connected is the Resolutor Impact Mill 
manufactured by Messrs. Clarke Chapman & Co., Ld., and is illustrated in Figs. 1 and 2. 
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This pulverizer consists of a high speed beater disc revolving at 1,400 revolutions per minute and 
which breaks the fuel purely by impact, the coul being fed from a variable speed belt conveyor drawing 
coal from the pulverizer hopper. 

From the pulverizing chamber the coal is thrown up into a separator from whence the fine products 
are drawn by means of a fan while the coarser particles are rejected in the separator and returned to the 
pulverizing chamber for further treatment. At the same time hot air is drawn into the pulverizer and 
drives off any moisture in the coal. The H.P. absorbed in this operation varies with the type of coal 
being pulverized, such as high moisture content, composition of the ash, etc., but generally speaking an 
average figure per ton of coal pulverized per hour is 14 k.w. 

The coal is pulverized into a very fine powder, between 85 and 90 per cent. of which will pass 
through a 200 mesh screen, or in other words a screen with 200 wires to the lineal inch or 40,000 holes 
to the square inch. 

hen one comes to consider the very fine particle of coal thus produced, one realizes the advantages 
to be gained in doing this. In the first place, if we consider a cube of coal l in. x lin. x 1 in. the 
rapidity and ease with which this coal will burn depends upon the rate at which the oxygen necessary 
for combustion can mix with the coal. The cubic inch of coal under consideration has six square inches 
of surface exposed to the action of the air and as each succeeding layer of coal is burnt so another layer 
is subject to the action of the air. If, however, this cubic inch of coal is pulverized to the fineness stated 
above, over 200,000,000 particles are produced, the total superficial area of which is over three thousand 
square inches. 

The air can thus get at each individual particle of coal with great ease and complete combustion is 
obtained in the minimum of time. 

It has been calculated that with an open ended pipe and a velocity at the burner mouth of 40 ft. per 
second that particles thus pulverized require a travel of from 10 to 11 ft. before complete combustion is 
obtained. This condition naturally would be impossible in a marine boiler and therefore special burners 
have been designed and put into operation for shortening this travel of the particles of coal to a minimum. 

A pulverized coal burner must fulfil several functions, the most important being to obtain a complete 
combustion in the shortest possible time. 

The burner must also be flexible in as much as it must be able to burn coal at 25 per cent. rating as 
efficiently as it does at 100 per cent. rating. It must not burn itself or erode away and must be simple 
in operation. There are several well known burners on the market at the present day which have been 
designed to fulfil these requirements, the better known among them being the Peabody, the Buell, the 
Woodeson, Brand and others. ‘The Woodeson type of burner is illustrated in Figs. 3-4. 

In all these burners the coal is fed by means of an air blast referred to as primary air and which 
under full load conditions constitutes between 15 and 35 per cent. of the air necessary for combustion, 
depending upon the type of burner under discussion. 

The secondary air or the remaining amount of air necessary for combustion enters at the side of the 
burner from the forced draught system and mixes with the coal and primary air in the burner mouth. 

In the Woodeson burner the air and coal are thoroughly intermixed by striking the deflector placed 
in the burner mouth, which besides giving the necessary intimate mixing, gives a circular motion of the 
cen eine air, and thus prevents any unburnt particle of coal from being carried over to the colder parts of 
the boiler. 

Pulverized coal will only burn in air provided the temperature does not fall below a certain minimum 
figure, and should the coal be carried over to the relatively cold part of the boiler and come in contact 
with a cold heating surface before complete combustion is obtained, the cold particle will not burn and 
will pass over as unburnt coal. This condition will naturally produce very inefficient results and must 
therefore be avoided. 

The only way to obviate this is to obtain complete combustion in the shortest possible time, and for 
this reason it has been found necessary in marine practice, as far as Messrs. Clarke, Chapman & Co. are con- 
cerned, to have a certain amount of brickwork at the burner mouth and a short way along the furnaces, 
This brickwork is maintained at a high temperature and constitutes a hot spot which considerably aids 
combustion. At the same time any ash from the coal is slagged and coalesces and is withdrawn through 
the door at the mouth of the furnace periodically. 

The transport of fuel through pipes is a very interesting problem and one which has to be very 
carefully thought out when considering any particular installation. 
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It has been ascertained by experiment and trial that should the velocity of air and coal fall below 
40 to 45 ft. per second, the coal will deposit in the pipes allowing the air to pass on. Of course, this is a 
condition which must never exist as the pipes would become choked and possibly back fires would result. 

In designing pipe line systems therefore, once the output of the primary air fan is known the size of 
pire must be such that the velocity in this pipe must not fall below the above amount, and in fact the 

ligher the velocity the less likelihood will there be of deposition of coal occurring in the pipes. 

Of course there is a limit to velocity which one can go to, due to the fact that the loss goes up 
roughly as the square of velocity and it also increases as the diameter of the pipe decreases. Thus for a 
velocity of 4,000 ft. per minute ina 6 in. diameter pipe, the loss equals 5°62 in. per 100 ft., while the loss 
at the same velocity in a 3 in. diameter pipe equals 12°1. Similarly the loss in a 6 in. pipe at a 
velocity of 2,500 ft. per minute is 2°9 in. per 100 ft. while the loss through the same pipe at a velocity of 
5,000 ft. per minute would be 8°54 per 100 ft. 

From the above figures it will be seen the velocity of air should be always kept well above the 
deposition of coal figure found from experience, namely 40 to 45 ft. per second, but should not be 
increased unduly, due to the loss of head which will occur over a long range of piping, this loss resulting 
in larger H.P. fans to overcome it. At the same time adequate margin should always be maintained so 
as to ensure that in any particular part of the pipe line the velocity will not fall to 45 ft. per second. 

It is the author’s opinion that one of the most economical velocities to work on is 70 to 75 ft. per 
second, and this is the figure which is taken in most of his calculations on pulverized fuel firing. 

Another important point which has not been mentioned is the fact that as the velocity is increased 
so also is the wear in the pipes increased due to the action of the coal. Of course this figure of 75 ft. per 
second has been greatly exceeded by certain makers, and in fact the author knows of one case where the 
velocity is in the neighbourhood of double this amount. 


DISTRIBUTION OF Coal. 


The distribution of pulverized coal has been one of the most difficult problems which have been 
contended with by pulverized fuel engineers and many different types of distributors have been tried out 
with varying degrees of success. 

: The simplest form is of course a plain Y split in a pipe with each leg of the Y travelling to a furnace 
or burner. 

Of course this system is more or less quite satisfactory where only two burners are under consideration 
but the problem becomes increasingly difficult as the number of burners is increased. 

On the first installation of the s.s. “ Sruarr Star ” the distribution was effected by means of these 
splits as shown. Control valves see Fig. 5 were installed at each split in an attempt to throw the coal into 
either one or the other of the A aaa Due to a combination of low velocity and excessive losses due to 
these valves in the pipe line, this method of distribution was not so successful as could be desired. 

About this time various important experiments had been taking place in Messrs. Clarke, Chapman & 
Co.’s works, arising from which they have patented their well known ring main system of distribution, 
wherein the coal and air are circulated right round one large ring main and tappings are taken off to the 
various furnaces. 

The arrangement of this system is shown in Fig. 6. 

As each tapping is taken off the diameter of the main pipe is reduced by the amount of the individual 
burner pipe thus maintaining the constant velocity in the whole system. Control valves are fitted on each 
burner pipe to isolate or decrease that particular burner. This system was installed on the third trip of 
the s.s. “* Sruart Svar ” and has worked admirably ever since. 

It is very gratifying to know this as the question of distribution by mechanical means is not at all a 
simple one and the author is informed that in the fuel oil testing plant in U.S.A., where the initial tests 
were carried out for the ss. ‘“‘ Mercer,” no fewer than nine different types of mechanical distributors 
had been tried out on this installation with varying results. 

The author begs to give an extract from a paper given for the American Society of Naval Engineers, 
by Commander J. 8. Evans, U.S.A., and R. C. aes in which thé authors state “ The ideal distributor 
would, of course, be capable of producing steady delivery of equal amounts of coal, with equal amounts 
of primary air, at equal pressures, to the individual burners or boilers, regardless of the configuration 
(not size) of the primary air line or lines before the distributor ; this to be accomplished over the 


maximum range of coal rates to be run, but with a minimum pressure drop, with a minimum power 
expenditure and minimum adjustment. 

Eleven distributors have been used to date, and work with some of them is still in progress. These 
eleven distributing devices were as follows :— 

(a) Eccentric orifice plate. 

(4) Line configuration along. 

(c) Skeleton paddle. 

(d) Eccentric orifice plate with paddle. 
(e) Coal deflecting fins before distributor. 
(f) Line configuration (second alteration). 
(g) Two concentric orifices. 

(A) Pneumatic distributor. 

(i) Directional device with louvres. 

(7) Rifled cone. 

(k) Pneumatic distributor and rifled cone. 

The major portion of these distributors were found to be largely unsatisfactory, although fair to 
excellent results were obtained with (c), (), (7) and (%). It is believed that the problem is fairly close 
to solution, and that a device fulfilling, to a large degree, the requirements of the ideal distributor will 
shortly be in process of construction. As new distributors were developed at this plant, information 
concerning them was furnished to the Fuel Conservation Committee, and changes found desirable were 
made immediately on the ‘Mercer’.” 

Tt will be seen from the above that the question of distribution is one upon which much time and 
thought has been expended, and there is still scope for further improvements. 


STORAGE OF PULVERISED FUEL. 


The a of storage of pulverized fuel is one that is open to a great deal of controversy and one 
upon which it would be perhaps as well not to make too definite a statement. 

Quoting certain authorities the author finds that pulverized fuel should never be stored for any 
length of time in a slightly damp condition due to the fact that it will set very hard as soon as the air is 
removed. Some authorities give the maximum time as three days while on the other hand others state 
that powdered fuel may be kept fluid for practically any length of time providing adequate fluffing or 
airing arrangements are provided. 

As far as the danger of explosion from stored pulverized fuel, the author is of the opinion that this 
danger is somewhat exaggerated provided the mixture is not in such a condition as to be explosive, as 
more inflammable materials such as petrol and oil are stored in bulk without any serious danger. Should 
powdered coal however, be floating about in a confined space in such a state that the resultant mixture be 
rich in coal, then this will probably constitute a menace although the author has not yet experienced any 
explosion of this form during the years he has been associated with it. 

Turning to the marine question the results obtained so far give grounds for much enthusiasm and 
what appeared relatively impossible two years ago, now is an accomplished fact. 

essrs. Clarke, Chapman & Co. have been associated with pulverized fuel since 1920 and to further 
their research and knowledge on the matter, a watertube boiler was installed in their works capable of 
evaporating 40,000 Ibs. of steam per hour at a pressure of 300 lbs. per sq. in. The results obtained in 
this plant especially since the development of the ‘ Woodeson” turbulent burner encouraged them to 
devote their energies to development of the marine boiler problem. 

For this purpose, a two furnace marine boiler, 10 ft. 6 in. diameter by 9 ft. long, was installed in the 
works, to which a pulverizer was fitted for experimental purposes. 

After some years of experience and alterations and the addition of the latest type corrugated plate 
air heater of Messrs. Howden’s make, the results obtained were so encouraging as to warrant the 
installation of a plant under sea-going conditions. 

Such a plant was ordered by the Blue Star Co. for the s.s. “Stuart Star” to be fitted to the forward 
single-ended Boiler. 

The boiler equipment consists of two double-ended boilers placed port and starboard, each boiler having 
eight furnaces, and two single-ended boilers placed amidships back to back, each boiler having four furnaces, 


4 


The forward centre boiler was the first to be converted. This conversion was effected in under a 
fortnight, and the vessel sailed for South America. The author was fortunate to be chosen by Messrs. 
Clarke, Chapman & Co. to represent them on this initial voyage, and he is pleased to state that in spite 
of the short time available for the installation, the total stoppage time between Newcastle and Buenos 
Aires was only two hours, this being due to mechanical adjustments. Messrs. the Blue Star Co. were 
so gratified at this initial voyage that on the return of the vessel to this country, the port double-ended 
boiler was converted to pulverized fuel. ‘This first voyage of the double-ended boiler was not so success- 
ful as the first, due to the question of distribution which the author has already explained in a previous 
part of the paper, but upon the ship’s return to this country, the new patent system of distribution was 
installed, and since then the results have been much more gratifying, in fact, this new system of dis- 
tribution, coupled with the success of the Turbulent burner, have disposed of any doubts of assuring the 
success of this method of firing for marine purposes. 

The coal available was of extremely poor quality, the analysis is given herewith. 


Coat ANALYSIS. 


Particulars of test on Buddles Small Coal carried out at the laboratories of Messrs. Young & 
Shaw, Ld. 
Test Certificate No. L2161. 


Name of Sample “6: “ “r Buddles, P.C.10. 

Coal submitted by... ats sue ar 3p C. C. & Co. 

Date received Date tested 19/12/28. 
ANALYSIS. 

Percentage contents of As received As dried 
Fixed Carbon ar: ae aoe ae 51987 aa 54°60% 
Volatile Matter... ree a ae 27°8% 4 29:22% 
Ash rm he 16°18% 
Total Moisture... oar eh aes 5°08 
Fusion Temperature of As ae +e 1320° C. softens at. 

THERMAL VALUES. 
Calories per kilogram— British Thermal Units. 
Calorific Value (net)... Reg ave 11,134 3 Pe, 
Carbon Equivalent oe aoe as fe - 
Evaporative Power... 0: ai 11°51 Ibs. 


(Lbs. of water from and at 212° F. per Ib. of coal.) 
Size :—Over 4", 21%; over 3”, 10%; over 2”, 41%; under }”, 28%. 

Remarks: Sulphur Pyrites 1°43, equivalent to 3°93 pyrites. 

Owing to the fact that this boiler was primary designed for hand firing the velocities in the tubes 
and uptakes were very much reduced under pulverized fuel conditions. 

This will be readily understood when it is borne in mind that under conditions of hand firing the 
average percentage of carbon di-oxide in the flue gases is not more than 8 to 9 per cent., while that 
obtained under pulverized fuel conditions is anything from 14 to 16 per cent. 

This means, therefore, that the volume of air required per lb. of coal under powdered fuel conditions 
is only about half that for hand firing, and as the cross sectional area through the tubes and uptakes 
remains the same, the velocity of the gases must necessarily fall. 

The author has already stated that the minimum velocity at which air borne dust should travel is 
40 ft. per second, and due to the fact that this velocity was not maintained deposition of ash took place 
in the return tubes and uptakes necessitating excessive steam blowing by the Diamond Blowers. 

This, of course, was accentuated by the large percentage of ash in the fuel—namely, 15 per cent. 

In spite of this undoubted drawback the ship maintained her scheduled time both from here to 
Buenos Aires and back. 

To overcome this difficulty it was proposed to instal an induced draught fan, and reduce the area 
through the tubes and uptakes so as to maintain a fairly high velocity. This fan was installed on the 
vessel’s return to this country in January of this year, the fan drawing from the uptake suitable for one 
boiler under hand-fired conditions the other two uptakes being led into this smaller area. 
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At the same time stoppers were provided to blank off certain return tubes in the boiler. 

The vessel sailed again at the end of January for Buenos Aires, and the author is pleased to state 
that a radio cablegram was received on the 12th of February, stating that the fan was a great improve- 
ment, and that no further trouble with ash was being experienced, in spite of the large percentage of ash 
as stated above. 

It is well to note here that in dealing with the s.s. “Srvarr Srar,” Messrs. Clarke, Chapman & Co., 
embarked upon the most difficult application it is possible to conceive in marine practice—namely, an 
existing double-ended boiler having eight furnaces all fired with one unit pulverizer. 

At the same time no special coal was used, and, in fact, the coal was of a very inferior mixture, as 
would be noted from the analysis, and only costing 9s. 2d. per ton in bunkers on the Tyne. This 
compares with 14s. 9d. per ton, being the price paid for the coal for the hand-fired boilers. Of course a 
great deal of the ash, as stated before, is slagged in the furnaces and drawn off with a rake every watch. 

Many different types of coal have been tried out in the small marine boiler at Gateshead-on-Tyne, 
and some of the results obtained are appended herewith. (See test sheets at end.) 

This coal ranges from all types of Northumberland and Durham coal to coal from South Wales, 
Burma, Rangoon, Brazil, West Africa, and other places. 

Messrs. Green & Silley Weir have recently equipped the s.s. ‘‘ Hororata,” of the New Zealand 
Steamship Co., with pulverized fuel on the Buell system, and this vessel has recently arrived in New 
Zealand after the longest voyage ever made firing pulverized coal. 

_ The boiler equipment of the “Hororata” consists of six single-ended boilers having forward and 
aft stokehold, the three forward boilers being converted to pulverized fuel. 

In this arrangement preliminary crushers are installed, and the coal is elevated from these crushers 
to an overhead crushed coal bunker. From there the coal drops by gravity into the pulverizers, which 
are of the Ball Mill type, there being one pulverizer for each emer An independent primary air fan 
driven by steam turbine is provided with each pulverizer, and this fan draws off the fine coal from the 
mills and delivers it to the burners. 

The pulverizers are also driven by small steam turbines through reduction gearing. 

Reports so far to hand concerning the vessel’s voyage are very encouraging. 

The s.s. “Musician,” belonging to Messrs. T. & J. Harrison, is being equipped this month by 
Messrs. Grayson & Rollo with Messrs. Clarke, Chapman & Co.’s system designed to burn Indian coal. 

A new vessel at present building at Messrs. Blythswood Shipbuilding Co. for Messrs. Berwindmoor 
Steamship Co. is also being equipped to burn pulverized fuel only, with Clarke, Chapman system and this 
vessel will go into commission about the end of May. 

The results from this vessel will be valuable as pulverized coal only is being used and therefore there 
will be no element of doubt as to any results obtained. 

There is no doubt that the field of development of pulverized fuel in marine work is daily growing 
and the application of this method of firing will become more and more popular as development continues. 

If the utilization of low grade fuel can be accomplished in an economic manner, then there is no 
doubt as to the ultimate success of the system and of the benefits to be accrued by the country as a whole. 


Test TAKEN ON WetsH CoaL—FERNDALE. 


Date of test... 

Duration of test ... ni a 
Heating surface of boiler in square feet 
Method of firing it aa 
Quality of fuel eee a ‘ae 
Calorific value of fuel in B.T.U’s ... 
Ash content per cent. sie a 
Fusion Temperature of ash 


Steam pressure by gauge in lbs. per 3q- in. 


Temperature of saturated steam 
Final temperature of superheated steam 
Degrees of superheat ; 


Temperature of gases leaving Air Heater ... 


Jan. 8th, 1929. 
5 hours. 

680 square feet. 
Powdered Fuel. 


18,500 


if 


Test TAKEN oN WELSH CoaAL—FERNDALE—continued. 


Average temperature of Furnace in shod F. nies with an Left, Right. 
optical pyrometer .. “3 2300° F. 2355° F. 


Temperature of feed water... Soe = oe ey et LOTR 
Factor of evaporation ... aes ins vee LLGSE 
Total amount of water evaporated during test ve on .-» 20,250 lbs. 
Water evaporated per hour, actual... re tre -» 4,050 lbs. 
Total amount of fuel used during test in Ibs, dea ites sca B00: 

Fuel burnt per hourin lbs. ... < LE: we. §=440. 

Water evaporated per lb. of fuel (actual) i in Ibs. “ eet be 

Water evaporated per Ib. of fuel from and at 212° F. in Ibs. $799010:6) 
Average C.0., content in flue gases per cent.. ire be vow 124. 
Efficiency of boiler wee 76 per cent. 


Remarks :—Type of boiler, “Marine Scotch type,” size, 9 ft. ‘long by 10 ft. 8 in. diameter, having 


two furnaces. 
No great difficulty was experienced in burning the above fuel, but care had to be taken to obtain as 
fine a Bebidas as possible, in order to get complete “combustion, owing to the low volatile content. 
ery little slag was obtained in furnace chamber. 
Difficulty might be experienced in lighting up with such a low volatile fuel, but this could be 
ees by wune a small quantity of high volatile fuel, until such times as the brickwork was properly 
heated through. 


Tests TAKEN oN Burma Coat on Works Marine Boruer. 


Date of test ... ae a ae cs aes 2a «ss Feb. 5th, 1929. 

Duration of test.. is eee 5 ... 8% hours. 

Heating surface of boiler in square feet, tee for Pee ee» 680. 

Method of firing xe aa oF ax ae eee ... Powdered fuel. 

Quality of fuel . Ay A i a .. Burma. 

Calorific value of fuel i in nB. Le U's Ss. aes ee er ai asoult 1505 

Ash content per cent. ... ay aes ae oan mee oe wpe 

Fusion temperature of ash oa oe ar = 

Steam pressure by gauge in Ibs. per sq. ike ae =e oe rere 

Temperature of saturated steam ae a as xe, ree Dons 

Final temperature of superheated steam 

Degrees of superheat Se sr x a ae 

Temperature of gases leaving air heater ore 466° F. 

Average temperature of combustion chamber in degrees F. taken Left. Right. 

with an optical pyrometer rs ase a ep { 2,554° F.  2,618° F. 

Temperature of feed water... iY ne eee aor se UPd 

Factor of evaporation ... : aes seal) oles 

Total amount of water evaporated during test in Ibs. ae --- 11,026. 

Water evaporated per hour, actual, in lbs. ... seb “a .. 3,150 

Total amount of fuel used during test in lbs... ate er Sree lcoee: 

Fuel burnt per hour in Ibs... oe re Bes LE 

Water evaporated per lb. of fuel (actual) i in Ibs. ee eee) Osa L. 

Water evaporated per lb. of fuel from and at 212° F. in lbs. Bes UDB 

Average C.0., content in flue gases per cent. . tr oy ayy EE 

Efficiency of boiler — “re ne he dee nee Proieet:) b= 
REMARKS :— 


Average temperature of gas before heater... oe eee ove + 820° F. 
ss ra » after 36 ee ae su ee ae 466° F. 
o a air before _,, An a iiss -6F oe 7b FE. 
if » after ,, ce saa) | OER 


The above coal burns quite alright but is very difficult bi palveres 
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TESTS TAKEN ON ExswicK CoaL on Works Marine Borer. 
Date of test ar dia — fi. ak he oT . dan. 24th, 1929. 


Duration of test re Rar AE .-» 2 hours 
Heating surface of boiler in square feet i oo at es SG80% 

Method of firing a — ao oe aie ae ... Powdered fuel. 
Quality of fuel . op TC mae See ..» Elswick coal. 
Calorific value of ‘fuel i in 1B. TY U’ "baer Pd oe dee Sie «rl 8,869. 

Ash content per cent. ... aes aes = bie pool enlO: 


Fusion temperature of ash... xe ao x ia 
Steam pressure by gauge in lbs. per sq. i ins ats. “ia age soe) L123 
Temperature of saturated steam at ar os ¥ 46 
Final temperature of yi spire steam or on eed zea NLs 


Degrees of superheat ... se se m coo NEIL 
Temperature of gases leaving air + heater Ka 477° F. 
Average temperature of furnace in degrees F, taken with an i Left. Right. 
optical pyrometer .. a ise ae ad fe 2771° F.. 27238° F. 
Temperature of feed water... uy ee, Ace OF ess? 2G yt. 
Factor of evaporation ... 2 ad ie kate 
Total amount of water ev: aporated during test in Ibs. Se --. 12,628. 
Water evaporated per hour, actual, in aed aoe tae ee GDL S. 
Total amount of fuel used during test in lbs. . was ae aps Me by psp 
Fuel burnt per hour in lbs. ... ace xP we 616. 
Water evaporated per lb. of fuel (actual) i in Ibs. ie oe 10:24, 
Water evaporated per lb. of fuel from and at 212° F. in Ibs. pig SEE 
Average C.O., content in flue gases per cent. as aad sO EB: 
Efficiency of boiler... er ere or sa ne Pov i 
REMARKS :— 
Temperature of gas before heater ... ee a bee cont SOD 
= ITs ais as 7 a ae Ax eo ie 
te 99 AOLLAE: tens, we We “es Raa veo (GQ 15URY 
. combustion chamber ae i “ve ania eS 


The above coal gave very good results as seen from the above figures and we have no hesitation in 
recommending this for powdered fuel firing. The test was carried out on our works Marine Scotch Type 
of boiler 9 ft. long by 10 ft. 3 in. diameter having two furnaces each 2 ft. 10 in. inside diameter. 


PULVERIZED FUEL AND ITS PARTICULAR 
APPLICATION TO MARINE BOILERS, 


By E. W. WOODESON. 


Part. II. 
ILLUSTRATIONS. 
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“RESOLUTOR” PULVERISER FIRING A MARINE SCOTCH BOILER. 


Fig. 2(a). 
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GENERAL ARRANGEMENT SHOWING FURNACE FRONTS ON A MARINE 
BOILER FITTED WITH ‘“‘WOODESON” PATENT BURNERS. 


Fig. 4. 


ARRANGEMENT OF PRIMARY, SECONDARY AND FUEL PIPES FROM “RESOLUTOR” 


PULVERISER TO A DOUBLE ENDED BOILER. 


Fig. 5. 
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CLARKE-CHAPMAN RING MAIN SYSTEM OF DISTRIBUTION, 


Fig. 6. 


DISCUSSION ON Mr. W. E. WOODESON’S PAPER 


ON 


PULVERIZED FUEL WITH SPECIAL REFERENCE 0 
MARINE BOILERS, 


Mr. W. D. Heck. 


My first duty this evening—and it is a pleasant one—is to welcome the visitors. I have divided 
them into various categories, but of course it goes without saying that to-night all are of equal value. 
Speaking from this particular rostrum, it may seem to some of you rather paradoxical that I should 
welcome Sir George Higgins (applause), because as a matter of fact, he is the host and J am the visitor. 
In the next category I would place those kind friends who so frequently send ws invitations—invitations 
to crawl through boilers and creep through double-bottom tanks. (Laughter.) They are very good friends 
of ours, because after we have carried out these arduous duties they take such excellent care of us that 
we rarely catch cold. (Laughter.) This is proved, gentlemen, by the fact that whenever an epidemic of 
influenza sweeps through this Office, it is found that the Outdoor Surveyors are invariably the healthiest 
members of the Staff. (Laughter). Now I come to those visitors who are fellow-workers but not technicians. 
We are very pleased to see the Members of the Clerical Staff here this evening. I understand that they 
are becoming interested in technicalities in a particular way, and we owe them a great debt, because they 
take our technical labours and compress them into hieroglyphics such as B.S., s.s. No. 3, etc., and not only 
that, but our reports, statements, etc., are sub-edited by them, so that they eliminate the superfluous 
comma, recapture the elusive split infinitive, suppress the redundant phrase, and generally transform our 
efforts into good English. (Laughter.) 

Now, gentlemen, I have an introduction to make,—a gentleman from the chilly North, where the 
weather is always cold, but hearts are invariably warm. He comes from the banks of a river which does 
not usually import coal. I think I cannot do better than ask you to cast your minds back to school- 
days, when you were reading the,‘ Merchant of Venice.” You will remember how the Duke, welcoming 
Portia, said something on the following lines :— 

“Come you from coaly Tyne, Mr. Woodeson?” ‘I do, my lord.” 
“You are welcome—you are extremely welcome. Take your place.” 
But before calling upon Mr. Woodeson, I would ask Sir George Higgins just to say a few words. 
(Applause.) 
Sik GEorGE Hiacrns. 

I am only going to say two words—one is, how very much we appreciate Mr. Woodeson coming here 
to-night to talk about pulverized fuel. It is extremely kind of him, and I am sure we do all oe 
it very much. Pulverized fuel, in my opinion, is one of the most important subjects which we have to 
consider at the present time. I think it was Mr. Carnaghan who said that it was a hobby of mine. 
Well, it is, because I think it is going to make coal burning under boilers to some extent take the place of 
oil, and if that is accomplished, then the greatest industry of the British nation, namely, the coal 
industry, will to some extent come into its own again. (Hear hear.) As a Shipowner I have some 
connection with collieries, and I know how very bad the trade is at the present time, and anything that 
can be done to relieve the distress in the coal fields ought to be done by anybody who can help in any 
way whatever. Now, I believe that pulverized fuel has unlimited possibilities. It has already been tried 
on ships—there is a 9,000-ton ship on which it is already installed—and I hope that this is only the 
beginning of a very important and far-reaching development which will alleviate to some extent the 
deplorable condition in which the coal trade is to-day. 
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I welcome Mr. Woodeson very much indeed, and I should like to associate myself with Mr. Heck 
in his remarks about the visitors, all of whom we are delighted to have with us to-night—and finally, 
I am glad that I am sitting in the room and not on the rostrum to which Mr. Heck referred. 
(Applause.) 


Mr. Woopeson, Junr., rising to read his paper, said :-— 


Before commencing my paper, I wish to express my grateful thanks for the welcome which you 
have accorded to me, and for the kind remarks of Mr. Heck and Sir George Higgins. 

I know that you gentlemen have enough worries and troubles on board ships already, and my firm— 
and other firms associated with pulverized fuel—are trying to add to these troubles and difficulties. 
But I ee you will listen to these few remarks about the snags and troubles to be avoided with an 
open mind. 


Mr. CaRNAGHAN. 


I do not rise to criticise, but I feel that on this occasion I ought to say something in connection 
with Mr. Woodeson’s paper. Mr. Woodeson said that he was adding to the troubles and worries of our 
Engineers and Superintendent friends. I think the majority of you have had an opportunity to visit the 
“SruaRTSTAR,” and those who took advantage of that opportunity were surprised to see that there was 
apparently no trouble in running the plant. I fancy that the worries that he and others, who boost the 
value of pulverized fuel, foresee really consist in the first place of getting you to make up your mind to 
become one of the number who march with progress. First cost comes in. You have got to persuade your 
Owners to meet the expense. In many cases it would be rather difficult to find room for the additional 
plant, although I should be inclined to think that the cases where room cannot be found would be in very 
small vessels, which are naturally cramped to obtain the maximum of cargo space with the minimum of 
machinery space. There is one thing | think that would worry Superintendents, and that is, whether or 
not the cubic inch of coal is composed of two hundred million particles. I don’t know how Mr. Woodeson 
arrived at that conclusion. (Laughter). We have in this establishment a book which represents a million 
dots. Speaking from memory, that book is of fairly large proportions, and it is composed of diagram 

per having 100 squares to the square inch. So that gives you some idea of what a million is. Mr. 
Weodeson referred to the Impact Mill. Mr. Heck and myself saw some of the by-products of that mill. 
The mill simply refused to digest iron. We saw a few meat hooks which came through the mill. How 
they got into the bunker space I do not know. ‘There were also some pieces of iron, and a blank flange. 
(Laughter). During our visit there was a slight leakage at one of the flanges of the fuel pipe con- 
nections to the burner, but even with that leakage I would not like to say how many thousands of 
millions of particles were blowing round—in fact I came to the conclusion, after this, that it must only 
have been a speck of coal. (Laughter). 

1 do not want to sit down without thanking Mr. Woodeson, and assuring him that his paper is of 
the utmost value to our Association. 

Mr. S. F. Dorey. 


I should like to join with Mr. Carnaghan in thanking Mr. Woodeson for his excellent paper, which 
I think, all things considered, may be said to be quite timely. There are one or two points on which I 
should like a little further information, and if you will bear with me, I will mention them now. 

There are three essential points to be considered in connection with pulverized fuel ; first, the question 
of safety, which is a very important point so far as we are concerned; next, the question of reliability, 
and finally, first cost, which latter does not interest our Staff Association so much as it does many of our 
visitors here this evening. So far as reliability is concerned, that of course remains to be proved, so it is 
only ae 63 to deal with the question of safety. 

t appears to me desirable that further information is required regarding the ag of air and 
pulverized fuel necessary to form explosive mixtures, and I should be glad if Mr. Woodeson would state 
the range of the proportions of powdered coal to air which forms the danger zone. Under normal working 
conditions the mixture which passes through a pulverizer is rich in coal and consequently non-ignitable, 
but by varying the supply of coal it is possible to obtain a wide range of proportions of fuel to air and 
thus pass through the danger zone. This is a condition which is quite possible to obtain, for instance, 
when a vessel is manoeuvring or slowing down, and the coal supply is at a minimum. 
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The hot primary air supply to the pulverizer frequently contains sparks, due to leakage from brick- 
work, etc., and these sparks might possibly, with the mixture in the dangerous state, cause an explosion. 

Mr. Woodeson’s remarks on this point would be appreciated, and at the same time perhaps he would 
indicate how it would be possible to prevent dangerous mixtures forming in the pulverizer. 

1 am glad to note that Mr. Woodeson has dealt rather fully with the subject of distribution of the 
pulverized fuel. This, to my mind, is not only an interesting but vital point if success is to be obtained 
for ship installations. He has naturally rather stressed the advantages of the ring main system, but it 
seems to me that it is not altogether what could be desired. Thus, if the burners supplied from the larger 
end of the pipe system were put out of action, there would be a gradual accumulation at the smaller end. 
It should be possible to arrange a system where the fuel is maintained in constant circulation at the same 
pressure and velocity under all conditions. 

I recently had an opportunity of viewing one of the latest mechanical distributors which appeared 
to function extremely well. In that case, whether the fuel went to the burner or not, the circulation was 
steadily maintained in the whole system. 

Another point I would like to mention is in regard to the deposition of ash. If particular care is not 
taken the ash deposits just where it cannot be got at, e.g. the back end of a boiler. If you arrange to 
deposit most of the ash quite near the front, where it can be easily drawn out, that is what is required, and 
perhaps Mr, Woodeson will tell us how this can be done. 

Mr. Woodeson has given at the end of his paper some results of tests carried out with various samples 
of coal, but I think that, judging by the califoric value of the coal used in the tests, there is nothing 
extraordinary with the evaporation and quite as good results could be obtained with slack or coal of an 
inferior grade having, say 9,000 to 10,000 B.T.U. per lb. 


Mr. J. R. Doueas, Superintendent of “ SruartsTar.” 


The Clarke-Chapman-Woodeson system, as you are aware, we fitted in the “Sruartstar” because 
we thought it was the only system sufficiently advanced to fit into a marine job, and so far as we have 
gone are quite satisfied that we have made a good start. In the beginning we had quite a number of 
little details to get over, although on the shore job they were quite satisfactory. 

It would be quite nice if you could deposit the ash at the mouth of the furnace, but 1 don’t think 
that is possible. ‘The next place is in the tubes, where it would not be so hard to get rid of. You could 
get rid of it by your blowers, but such a method is not satisfactory at the present time We have now 
fitted an induced draught fan in the funnel in the “Sruarrsrar,” and the last telegram I had said : 
“Pulverized fuel working satisfactorily—no trouble with ash.” 

The best burner for lighting up in a pulverized system is the last burner. That seems strange, but 
it is so. 

The “SruartsTar” plant is now obsolete. It is a land job, and the next will be a marine job. 

Another gentleman—I think it was Mr. Carnaghan—spoke about space. As a matter of fact, 
speaking about converting a ship to pulverized fuel, it is necessary to consider the question of space very 
seriously, because, although you have a certain amount of economy, a considerable amount of bunker space 
is taken up by the coal carried, since with poorer coal you have less thermal capacity and accordingly 
require more space. 

We are so convinced we have got a satisfactory job that if time permits the final boiler will be con- 
verted on the ‘“‘Sruarrstar” when she returns—and we are going to have a scramble, as there is only 
13 days in which to do it. (Applause.) 


Mr. Wart. 


It gives me very great pleasure indeed to rise to-night to propose a vote of thanks to Mr. Woodeson 
for his most interesting paper. ‘This is the 9th Special Lecture which we have had in connection with 
our Staff Association. We have had some very distinguished men here, and we have had very varied 
subjects. They have always been treated in an extremely able and fascinating manner, and I am sure 
you will all agree with me that to-night Mr. Woodeson has introduced a very interesting and fascinating 
subject, and has treated it in a very interesting and fascinating manner. 

We always endeavour to be up-to-date, and the subject we have listened to to-night is in its infancy. 
No one knows what its development may be in the near future, and when we have men like Mr. Woodeson 
devoting their brains and their energies to its development, the time is not far distant when the subject 
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of pulverized fuel will have been fully investigated, and when we shall know its value compared with the 
other systems of combustion. 

I propose a hearty vote of thanks to Mr. Woodeson for the very able and interesting paper he has 
given us. (Applause.) 

Mr. A. A. A. CHALMERS seconded. 


Mr. Woopeson, JunR. 


This has been a very mild discussion compared with some which I have had. 

Mr. Carnaghan was sceptical about my figure of two hundred million particles. Well, I did not 
count them. (Laughter.) Taking the average number of particles to be 95 per cent. to 100 per cent. 
through a 200 mesh, and assuming that they are no smaller than this, the diameter of each particle 
will be less than the hole through which it goes. You agree with that? (Laughter.) There are 
200 lines per lineal inch, and the thickness of the wire is roughly equal to the diameter of the hole; 
therefore the diameter of the hole is }oth part of an inch. If we take the volume of a particle of 
diameter z}5th part of an inch, [ think we will find that it comes out almost one-two-hundred-millionth 
of acubic inch. It is quite a simple calculation. (Laughter.) 

With regard to the question of explosion, mentioned by Mr. Dorey, the large number of explosions 
which have taken place have been due particularly to plants in steel-works where the pulverized fuel has 
escaped, owing to careless handling or other means, and has been allowed to lie along pipe line ledges, etc. 
A hot billet placed in the vicinity has then promptly ignited the fuel. I have seen an explosion take 
place in our own works boiler, but a very minor one, and [ have only known it to happen twice in five 
years. With reference to the relative proportions of coal and air, that is rather a difficult problem to 
settle, but I should say that the theoretical minimum of air would be the most dangerous mixture. In 
regard to the control of the coal during pulverization, I want you to remember that the velocity through 
these pipes is 70 feet a second, and I do not think the coal would have time to burn or to form an 
explosion. 

; As regards the deposition of ash in the front—there is a certain percentage of ash which is slag, 
but naturally you cannot slag all the ash, and the greater part is taken up the chimney. 

The solution of a difficult problem personally gives one a great deal more pleasure than tackling a 
relatively simple one. I do not think that pulverized fuel has reached anything like finality at present, 
but there has been a great advance in the past two or three years. 

I am deeply grateful for your kind reception, and also for your kind vote of thanks, and I would 
like to add how greatly honoured I feel at being included in your annual list of Lecturers. (Applause.) 


THE DOXFORD OPPOSED PISTON AIRLESS 
INJECTION ENGINE. 
By J. HARBOTTLE. 


ReaD 13TH Marcu, 1929. 


The Doxford Opposed Piston Airless Injection Engine is now a well-tried and successful proposition. 
This paper simply aims at giving a description of the engine, so that others may become familiar 
with its workings, and I will venture to say that such familiarity will not breed contempt but a 
respect. worthy of this piece of mechanism. 


It is outside the scope of this paper to give the full history of the development of the engine. In 
1906 the Company were so impressed with the Diesel motor that they then started to lay their plans and 
make investigations with regard to this new motive power for ship propulsion. In 1909 the first experi- 
mental engine was built and tested. Air injection was tried, but in 1912 the first real opposed piston air 
injection engine made its appearance. In 1918-1914 a single air injection cylinder engine of 450 H.P. 
was made. Exhaustive trials were carried out under the supervision of the Society’s Surveyors, to their 
entire satisfaction. In 1916 the engine was converted into airless injection, but in 1919 a 8,000 H.P. 
engine was built, and in 1921 was installed in the m.s. ‘‘ YNGAREN”’; since then fifty-eight vessels have 
been fitted with Doxford engines of a total of 221,000 H.P. 


As far as possible the ordinary steam engine practice has been followed as to bearing pressures, 
platform arrangements, etc., so that the steam engineer is soon familiar with the simple manoeuvring of 
the engine. 


BepPLaTE.—The bedplate is of cast iron and is of substantial box construction, upon which are bolted 
cast iron columns which support the column bridges, and anchorage to which the cast steel cylinder jacket 
is bolted. The column bridges are of box construction and form a receiver for the scavenge air. ‘T'o 
support the cylinder an open four legged casting rests on the column bridge and supports the exhaust belt 
casting. On top of the latter is the top guide, which contains two slippers attached to the transverse beam 
and upper piston rod, serving as a guide for the upper piston and for the side rods. 


Crank SHart.—The crank shaft is of ingot steel of the built type. In the “ Bermuda” type of 
four cylinder engine it is composed of three pieces—two pieces with six cranks in each, namely, one three 
throw crank for each cylinder, and one piece with one crank which drives the scavenge pump. The shaft 
is drilled for forced lubrication, but no oil is led through shrunk joints or coupling pieces, external steel 
pipes being fitted to carry the oil over these parts. Spherical bearings have been fitted in the main 
bearings and crank pins; this not only allows for any flexing of the crank shaft, but for any misalignment 
of the cylinder walls due to thermal or other movement. This greatly assists the engine, as instead of it 
being necessary to have a floating piston, the latter may be run at a minimum of clearance, thus avoiding 
piston slap, and in addition the piston rings and skirt act as a very efficient guide, which is conducive to 
the long life of the liner and piston rings. It should be noted that the main bearings carry no load 
except the carrying of the running gear, and a set of main bearings examined after five years running 
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showed the original scraper tool marks in the white metal. The engine load stresses on the bed plate 
being negligible, cracks in the bed plate due to these stresses are unknown. The bearing pressures are 
those employed in marine steam practice, namely :-— 


Crosshead Pins sae = -y = ea ti 1,100 lbs. per square inch. 
Crank Pin... bad sh. te of! mS re! 650 3 > 
Centre guide rods... ap ane wi ot ve 30 $ is 
Side guide rods are sa oF a. Be ast 50 i. = 
Main bearings ees BE vw a aa aan Nil. 


CyLInDERS.—Each cylinder is composed of an open ended liner of plain cylindrical form, upon which 
are shrunk wrought steel rings (much in the same way as a wire wound gun). A cast steel jacket is shrunk 
over these rings and the liner. The liners are made of special cast iron, and by this method of con- 
struction can be made thinner, obviating many of the stresses obtained in a thick casting. The cooling 
water is also more efficient, being nearer to the working parts. The scavenge ports are at the bottom of 
the liner, and in direct communication with the scavenge belt. The upper or exhaust ports are in direct 
communication with the exhaust manifold, cooling water passes through the grids of all ports. Besides 
the contraction of the cast steel jacket on to the liner, it is further held or secured by round dowel pins. 


Pistons.—Kach piston is a hollow steel forging, machined inside and outside, bolted to a flange on 
the piston rod, and to another flange on the piston rod is bolted the cast iron skirt. The crowns of the 
pistons are so shaped that when the upper and lower pistons are together at the point of ignition, they 
form an ideal spherically shaped combustion chamber, their edges being only two inches apart on the 
inner dead centre, thus protecting the liner walls from the intense heat of combustion. (See Fig. 1.) 
Each piston has five rings of cast iron, the grooves being provided with special hard cast iron surfaces on 
the outer edge, and a flexible sealing lip on the inner side, which prevents undue pressure behind the ring 
and also prevents undue wear on rings and liner. The piston heads are maintained at a high temperature 
which act like a hot bulb engine, and are an aid to combustion. 


Scavence Pump.—The scavenge pump, placed centrally between Nos. 2 and 3 cylinders on the four 
cylinder engine, is driven direct from the crank shaft, but with a three cylinder engine the scavenge 
pump is placed behind the engine and worked by levers. The scavenge air is drawn through suction 
silencers of special form lined with mascolite, and these are remarkably efficient in deadening the noise 
often associated with such suctions. The air is delivered into the column bridges, which act as an air 
receiver with a supply of pure air about two pounds pressure per square inch. Due to the angle and form 
of the lower cylinder ports the air, after entering the cylinder, is given a swirling or rotary motion, which 

romotes turbulence, so that the finely pulverized oil in mist form penetrates the air, and comes intimately 
in contact with all the available oxygen, which ensures rapid and complete cumbustion. When the 
exhaust ports are uncovered the products of combustion escape into the exhaust manifold at atmospheric 
pressure, and the scavenge air coming in through the bottom ports fills the cylinder with pure air, which 
has a supercharging effect ; for after all supercharging in a heavy oil engine 1s just a larger supply of air 
to burn the fuel available. The scavenge arrangements of the opposed piston type of engine must 
necessarily be more complete than the types fitted with cylinder covers or close ends, due to the straight 
through passage and the extra amount af air thus obtained. In the close ended types it is more difficult 
to get, rid of the products of combustion even with scavenge air ata fairly high pressure. (See Fig. 2.) 


CaMSHAFTS.—There are two camshafts, one at the front of the engine and one at the back, which 
are driven by spur and bevel drive from the main shaft. The front camshaft carries the cams for the 
starting air valves, and the fuel admission valves, on the front of the engine. The back or rear 
camshaft carries the cams for the fuel-valves, indicator drives and sight feed lubricators, all placed at the 
back of the engine. By means of the reversing lever on the starting platform the front camshaft is 
movable longitudinally, which brings the ahead or astern cams into operation. The back camshaft 
is not movable longitudinally, so that when the engine is going astern the rear fuel valves do not 
operate. 
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Furi Vatves.—On the horizontal centre line of each cylinder are placed two fuel valves, one at the 
front and one at the back. They are of the needle type, the movement taking place outwards from 
the cylinder. The fuel is delivered through a water cooled spray plug of special form. ‘The spray plug 
jets vary with different diameters of cylinders, but the form of spray is in accordance with the ‘shape, 
which many experimenters consider ideal. The remarkably low consumption and absence of colour 
at the exhaust show that complete combustion is taking place. In the Doxford engine the spray, whilst 
being of ideal shape for penetration, is directed away from the cylinder wall, and the heat of combustion is 
dissipated in the spherical combustion chamber formed by the two pistons when together. (See Figs. 1 & 8). 


FuEL Pumps.—The airless injection of fuel is employed, the pumps being capable of working 
against a pressure of 10,000 Ibs. per square inch. There is a pump for each cylinder. Each pump may 
deliver into a a common system or deliver into its own cylinder, or again be cut out if required. The 
rams are of case-hardened steel, working in cast iron bushes, so ground that no packing is required. 
The fuel control is operated by hand (or automatically by the Aspinall governor) by holding the suction 
valves of the pump open during a longer or shorter period of the delivery stroke. The governor control 
é of se of the hand control. The pumps are driven by equal spur gears from the crankshaft. 
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Cooting SysTem.—Distilled water is used for cooling the pistons and jackets, ‘The inlet 
temperature round about 140° F. and outlet temperature about 155° F. The cooling water to the jackets 
is supplied at a pressure of about 20 lbs. per square inch and to the pistons at about 40 lbs. per square 
inch. It is not good practice to run the piston cooling water at a less pressure, as cavitation and 
separation of the column of water may take place, due to the inertia of the water, especially in fast 
running engines. ‘Telescopic tubes are only used for the outlet of the upper piston cooling water, the 
inlet cooling water for both pistons and the outlet for the lower piston of each cylinder being conveyed 
by hinged pipes, the hinged joint being formed by a spring adjusted gland piece, which works for long 
periods without attention. The distilled water is pumped through tube coolers. These coolers are 
cooled by sea water, or can also be used for heating the distilled water, by using steam from the donkey 
boiler when warming the engine up before starting. The temperature of the distilled water is raised to 
about 140° F.; a reliable and quick start is thus assured. All cooling water returns are visible through 
glass fronted hoppers. Each piston and cylinder return also has a separate thermometer. The fuel 
relief and starting air valves are also cooled by distilled water. The distilled water and lubricating oil 
coolers are cooled by sea water supplied by a centrifugal pump. Monitor flow indicators, which sound an 
alarm whistle, are fitted in the main pipe lines for the jacket water, piston cooling water, sea suctions, 
exhaust manifold cooling water, and forced lubrication system. Should the supply in any of these fail, 
or the pressure drop in any way, a whistle is at once blown, and continues to blow until attended to. 
The air to blow these whistles is supplied from the service air system in the engine room. In the latest 
type of Doxford engine the cooling water for the fuel valves is an entirely separate system. This is 
done to avoid any chance of fuel oil mixing with the distilled water for the piston and jacket cooling in 
the event of a defective joint in the oil fuel injection valve. 


Starting AiR VaLves.—To each cylinder a starting air valve is fitted, this acts through a spring 
controlled non-return valve to the cylinder (see Figs. 6, 7 & 8). The pressure of the starting air in the 
receivers is about 600 lbs. per square inch, and is admitted at this pressure to the cylinders. The 
starting air valve remains open 70° after the main crank has passed the top dead centre, although this 
angle may be increased by bringing into operation emergency extensions on the cams; thus the engine is 
self-starting in any position. As many as 44 starts have been obtained from full receivers with all 
auxiliary compressors closed down, which shows the small quantity of air used, and the easy starting 
of the engine. 


Manevvrine.—The engine is started and the speed controlled by the large hand wheel attached to 
the starting gear operated from the starting platform. No Servo-motors are employed, the whole of the 
movements being operated by hand power. Having warmed the engine through by the circulating water 
which has previously been heated by the steam from the donkey boiler, the engine is ready to start. The 
fuel pumps are brought into action by a small hand-wheel which operates the trip gear, regulating the 
lifts of the suction valves on the fuel pumps. Fuel oil is thus able to pass through the common rail, 
and through the filters to the fuel valves on the cylinders ready for admission when the fuel valves are 
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operated by their respective cams. The fuel pressure is controlled by this small handwheel. The control 
wheel pointer being at stop on the indicator, the starting air and fuel valves are clear of the cams, so 
that the front camshaft may be moved endways, bringing the cams into either the ahead or astern position. 
When the reversing lever is moved into the desired position (either ahead or astern), a locking lever or 
bolt is then operated which puts the starting wheel into gear. This operation is nearly akin to the latest 
selector gear on the 1928 motor car. The handwheel is turned which puts all cylinders on air. By 
continuing to turn this wheel in one direction, the air is cut off and fuel admitted; as the wheel is further 
revolved the lift of the front fuel valves is increased, and the back valves are brought into operation, and 
with full load both front and back valves are opening equally, and the timing is in accordance with the 
desired setting. (See Fig. 5.) This setting 25° before and 25° after dead centre at full speed may 
appear to differ with ordinary practice, but this is explained by the fact that there is a low compression 
pressure about 285 Ibs. per square inch, and the maximum pressure about 570 lbs. per square inch, the 
engine working on the dual combustion cycle, part at constant volume and part at constant pressure. 
Now that the starting of the engine has been described, I will refer to the model for the working cycle, 
which makes the machine a two cycle, single acting, airless injection oil engine, with double acting effect. 


CroLe or OpgeRaTION.—The lower piston is on the bottom centre and the upper piston on the top 
centre, the ports are uncovered, scavenge air has been admitted by the uncovering of the lower ports and 
has driven out the burnt gases through the upper ports into the exhaust belt, thus the cylinder is filled 
with a supply of pure air. SrroKe (1.) The pistons come together, compressing the air which has a 
swirling motion, due to the shape and angle of the ports. At 25° before dead centre oil fuel is injected 
at 10,000 lbs. per square inch, through a special spray plug which pulverizes the oil, and ignition takes 
place. SrroKE (2.) The pistons are driven apart, the upper and lower ports again uncovered and the 
cycle repeated. The air starting valves are fitted with non-return valves from the ignition side, so that 
by no chance can cylinder pressure get into the system. 


BrakE.—On the later engines an engine brake has been added. When it is desired to stop the 
engine quickly, the control wheel is moved to where the indicator states “stop.” The brake lever is then 
depressed and allows air in No. 1 cylinder, after compression, to be delivered to the next cylinder (whose 
crank is at 180° to No. 1) before compression. ‘he brake really acts as a de-compressor, and has the 
effect of rapidly bringing the engine to a standstill. 


BaLaNnce.—In the latest 4 cylinder Doxford engine the upper piston has a shorter stroke than the 
lower piston, the strokes being inversely proportional to the reciprocating weights. Thus an engine is 
obtained perfectly balanced for primary vertical and horizontal forces and couples, and also vertical 
secondary forces and couples. ‘The upper and lower equal pistons and rods are moving in opposite 
directions, therefore there is no primary vertical force in any cylinder, so no primary vertical couple. By 
sep the stroke for the upper piston shorter it will be found that the revolving force, due to the centre 
pin and connecting rod, is somewhat greater (being at a greater radius than the side connecting rods and 
pins) than the opposite revolving force of the side pins and rods. This small unbalanced force is 
cancelled by making the centre crank pin hollow. Thus there is no horizontal unbalanced force in any 
cylinder, therefore no couple. Coming to the secondary vertical forces we find the upper and lower 

istons act in equal and opposite directions, as the cranks are opposite, or in phase of 180°. 
Ihe side rods, upper piston, skirt, bolts, etc., are in balance with the lower piston, skirt, 
bolts, etc. With the crank sequence of 1, 2, 4, 3 the unbalanced secondary forces of 1 and 4 
are acting in unison, but the same forces are opposed by the unbalanced secondary 
forces of 2 and 8, and these act in an equal and opposite direction. Therefore there is no 
resultant secondary force or couple. By altering the stroke, so that the revolving and reciprocating 
weights of the moving parts of each cylinder are inversely proportional to their respective strokes, the 
primary forces are cancelled, whilst the secondary forces and couples are balanced by the arrangement 
employed collectively. (See Fig. 9.) 

ACCESSIBILITY FOR ExaminaTion.—Any half of the crankshaft can be remoyed by removing the 
two columns in front of the section. The other parts of the structure are left undisturbed. Very little 
headroom is required for the withdrawing and examination of the upper and lower pistons (about 1' 3’'). 
No high pressure joints are broken. The nuts for side rod keeps are removed, the nuts on flange of top 
guide bars removed, together with two water cooling pipes. A piston can be removed and replaced in 
from 15 to 20 minutes. 
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MatTERIALS.—The makers of the motor car were the first to appreciate the fact that with the 
alternating stresses and high temperatures existing in an oil engine, materials different from ordinary 
mild ingot steel and ordinary cast iron would have to be used in certain parts. The same applies in the 
heavy oil engine, and in the Doxford engine heat-treated steel is used in parts with a tensile strength of 
50 tons per square inch and an elongation of 20 per cent. The liners are of special cast iron, made with 
the object of resisting wear and thermal stresses. The mechanical efficiency of the Doxford engine is very 
high, namely, about 90 per cent., due to its balance; the spherical bearings, which ensure the bearing 
loads being carried evenly over the whole bearing surface, thus minimising the work lost in friction ; also 
having airless injection there is no compressor drive from the main engines. This renders the engine 
slow in coming to rest, especially in the faster vessels of, say, 14 knots speed. This is one of the 
consequences the builders have to stand by for having evolved an engine which wastes a smaller percent- 
age of work in internal friction than other internal combustion engines. Thus the air brake was evolved, 
which brings the engine to rest in a few seconds. 


FUEL ConsumPTion.—The fuel consumption of several vessels recently completed, when running at 
full load on Diesel oi] of *895 specific gravity, is *88 lbs. per B.H.P., a figure 7 to 10 per cent. below 
many other types of oil engine. This figure is helped by 

(1) The splendid straight through scavenge system. 

(2) A cand efficient spray giving the three essentials, atomisation, penetration and 
distribution. 

(3) The combustion chamber with turbulent air. 

(4) The high mechanical efficiency and balance. 


LuBRicaTiInG O1L.—It has often been stated that the two cycle engine is heavy on lubricating oil, 
compared with the four cycle type, the consumption being given as 5 gallons per 1,000 B.H.P. per day 
for four cycle engines, and 9 gallons per 1,000 B.H.P. per day for two cycle engines, main engines only. 

Returns from over a dozen Doxford engined vessels of 4,000 B.H.P. and over show an average of 
4 to 4} gallons per 1,000 B.H.P. per day, the best result being a twin screw vessel of 5,000 B.H.P., which, 
in two years’ service, shows a consumption of 3°3 gallons per 1,000 B.H.P. per day for main engines only. 


TROUBLES.—Among the troubles met with in the modern oi] engine some of the most prominent are 
found to be :—liners, crank shaft, piston rods, air and exhaust valves, cylinder covers, and cylinder heads, 
main compressors and bedplate. 


LinErs.—Notwithstanding the great advances made in obtaining iron of a pearlitic structure, which 
up till now has been found to withstand heat and other stresses better than ordinary cast iron, there are 
still cases of liner trouble, the trouble either showing in cracks or excessive wear. The Doxford engine 
has not been free from trouble, but the percentage of liner failure is as low or lower than in other oil 
engines. A modified design of liner is now being tried, with, so far, excellent results. 


Crank SHart.—Due to ordinary service (not damage) there was slight trouble in two cases with 
coupling bolts. The sequence of the adjacent cranks was altered to help the natural flexing and no 
further trouble has occurred. 


Piston Rops.—There has been slight trouble in two cases with piston rods, due to design. The 
design was modified and no further trouble has developed. 


INLET AND ExHaust VaLves.—There are none on the Doxford engine. 
CYLINDER Heaps anD Covers.—There are no cylinder heads or covers on the Doxford engine. 
Main Compressor.—Being airless injection, there is no main compressor on the Doxford engine. 


_ BeppLaTE.—There are no stresses due to the piston or firing loads on the bedplate of the Doxford 
engine. 
As previously stated this paper has been written with the object of simply describing the construction 
and working of the Doxford engine. If this aim has not been accomplished, the writer will endeavour 
to answer any questions to further this end. 
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CONTROL GEAR. 


DOXFORD OPPOSED PISTON. 
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MARINE OIL ENGINE. 
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Fig. 5. 
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UNBALANCED REVOLVING WEIGHTS=NIL. 


NOTE: 


RECIPROCATING WEIGHT 
™4°9) TONS x 3=145 TONS/INS. 


RECIPROCATING WEIGHT 
=)'54 TONS « 41°=145 TONS/INS 


reer | 
[Hic 4.0 =| 


Fa 
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CRANK SEQUENCE 


TOTAL UNBALANCED VERTICAL FORCE FOR 
| CYLINDER. 


LOWER PISTON 


RESULTANT 
S6o" 


UPPER PISTON 


NIL 


UNBALANCED VERTICAL COUPLE FOR COMPLETE 
ENGINE. 


No. 2CYLO 
No 4CYLO 


H 
H 
j 
| UNBALANCED VERTICAL COUPLE =NiIL. 


COMPARISON OF UNBALANCED FORCES & COUPLES 


between 


DOXFORD OPPOSED PISTON 2 CYCLE 


4. CYLINDERS, 600 mm. BORE = (1040 mm. + 760 mm.) STROKE 4376 B.H.P. 


RECIPROCATING WEIGHTS=3'54 Tons (Lower Piston), 4°83 Tons (Upper Piston) 


RATIO:—CONNECTING ROD/CRANK=4 (Lower Piston), 8 (Upper Piston). 


SINGLE PISTON 2 CYCLE 


720 mm. BORE = 990 mv. STROKE __ 
6 CYLINDERS SSS ==3375 B.H.P. 
RECIPROCATING WEIGHTS=3 Tons. 
UNBALANCED REVOLVING WEIGHTS=3 Tons. 
RATIO CONNECTING ROD/CRANK=43 


EFFECT RROM DRIVING SCAVENGE PUMP & COMPRESSORS HAS BEEN NEGLECTED. 


TOTAL UNBALANCED VERTICAL FORCE FOR 
1 CYLINDER 
RESULTANT 


RECIPROCATING 


REVOLVING 


UNBALANCED VERTICAL & HORIZONTAL FORCE FOR COMPLETE ENGINESNIL. 


UNBALANCED HORIZONTAL COUPLE FOR COMPLETE ENGINE=NiL. 


UNBALANCED VERTICAL COUPLE FOR COMPLETE 
ENGINE. 


MAXIMUM UNBALANCED VERTICAL COUPLE = 117 Tons Fr. 


9. 


SCALE = 4 


Fie. 11. 


DISCUSSION ON Mr. J. HARBOTTLE’S PAPER ON 


THE DOXFORD OPPOSED PISTON AIRLESS 
INJECTION ENGINE. 


Mr. J. CARNAGHAN. 


The Author has mentioned many special features in the design of this engine, but there are still 
some excellent features to which he has not referred, no doubt through his anxiety to keep his paper 
within reasonable proportions. 

Referring to Fig. 10, it will be seen that the underside of the engine bedplate is flat, and that the 
oil sump is contained within the bedplate. This arrangement permits the engine to be placed on the 
tank top plating without the necessity of superimposed girders and dispenses with pockets in the double 
bottom for the accommodation of the usual oil sumps. The bedplate follows closely the design which 
has been evolved by marine engineers in connection with steam reciprocating engines. Although there 
are a few other British oil engines in which the flat base has been adopted, the Doxford engine is more 
faithful to marine type in that there are holding down bolts fitted at the inner flanges as well as the 
outer flanges of the bedplate. Incidentally, it may be mentioned that we have no record of any repairs 
having been made to the engine seatings of vessels fitted with this type of engine, although, as the 
Author states, fifty-eight vessels have been thus fitted. 

One objection to steel pistons is that, in the course of time, the lower lip of the ring recesses wear 
excessively, necessitating re-machining of the lip and renewal of rings of deeper section. The special 
hard cast iron surfaces, which the author mentions in this respect, are fitted on top of the lower lip of 
the grooves, and are electrically welded at their outer edges to the forged steel pistons. This arrangement 
appears to have overcome the tendency to excessive wear previously mentioned. 

Mr. 1). M. Shannon, in a paper entitled “Some Observations on Marine Oil Engines,” read before 
the Institute of Marine Engineers on the 15th March, 1921, gave a table of bearing pressures of various 
makes of engines, which, as a matter of interest, are herewith compared with the figures for the Doxford 
engine and those of marine steam engines :— 


TYPE OF ENGINE. 


Marine Burmeister 
Steam Doxford. Fiat. Sulzer. Werkspoor. and 
Engines. Wain. 
Pressures in lbs. per sq. inch. 
Gudgeon pins “ric eae 1,000 1,100 1,700 1,850 1,900 2,400 
Crank pins... ue oes 500 650 1,290 1,125 1,060 1,200 
Main bearings... oe 250 nil 645 465 440 760 


In presenting his figures for maximum pressures, Mr. Shannon stated :— 

“Tt should be stated, however, that for equal maximum pressures the mean bearing 
pressures for oil engines are about 20 per cent. less than for steam engines, and these are further 
relieved by the higher inertia pressures. Also, all oil engines, as a rule, are forced lubricated. 
These three factors will, therefore, ameliorate the conditions under which oil engines operate, but 
not sufficiently to make the bearing pressures at present in common use acceptable as sound 
engineering practice.” 

Perhaps Mr. Harbottle would make it clear regarding his statement that the spray from the fuel 
valves is directed away from the cylinder wall, as to whether this holds good during the manceuvring 
and astern running of the engine. 
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Hinged joints for the cooling water of these engines are of a very substantial design, and no doubt 
this fact has saved the situation, as it may be said that joints of this type are often a source of worry. 
In conclusion, I have to offer my sincere thanks to Mr. Harbottle for his carefully prepared and 
very interesting paper. 
Mr. 8. F. Dorey. 


Mr. Harbottle’s paper describes an interesting type of engine without overstating its merits. 

No doubt in a few years time the opposed piston engine will take its place among other engines 
which have given good service in their time and could not survive in the race for supremacy. It is for 
this reason that a concise record of the details of this type of engine is particularly interesting, as the 
design embodies several novel features. 

Perhaps the paper does not lend itself to severe technical criticism, but it faithfully describes an 
engine to which much careful consideration and investigation has been given in order to arrive at a 
satisfactory solution of its problems. 

The spherical bearings are a novel introduction for large marine engines, and, judging by the 
results, they appear to have given satisfaction. The only question that arises therefrom, is whether so 
much flexibility is desirable in a crankshaft. Stiffness must be considered, and undue flexibility may 
cause bending stresses in sections which might otherwise be unstressed. This may be the cause of the 
trouble which has been experienced with the crankshaft coupling bolts when the couplings are fitted 
between the bearings. The re-arrangement of cranks adjacent to the coupling has apparently altered 
the flexing forces as well as reduced the torque fluctuations at this point. 

The section of the paper dealing with the balance of the engine is of particular interest, and the 
thoroughness with which the engine balance has been developed has much to do with the successful 
running of the engine. 

The balancing of the reciprocating weights, a rather simple matter in this type of engine, has also 
a good effect, since unbalanced reciprocating weights can give rise to forced vibrations, causing torsional 
oscillations in the shaft. 

The absence of trouble with bedplates is also a matter for congratulation, though it is not altogether 
confined to this type of engine. With no heavy stresses on the bedplate, the design based on steam 
grains practice and the good balance of the engine, we have factors contributing to a satisfactory 

oundation. 

The broad base of the bedplate and arrangement of holding down bolts are also conducive to 
stability when the vessel is rolling, and tend to reduce working or straining of the engine seating. 

This type of engine lends itself very well to a good scavenging process with the minimum 
expenditure of power. 

The path of the air, as illustrated in Fig. 2, certainly looks well, but it would be interesting to 
know just what sort of path the air does travel in the cylinder. 

All diagrams of scavenge systems show beautiful spiral curves, and while this may possibly give 
some idea of the path of air particles in fairly close proximity to the cylinder walls, it is doubtful 
whether the air in the centre travels in a spiral manner. Perhaps the author will give us his ideas on 
the subject and say whether vortices are formed. 

One other point might be mentioned. Mr. Harbottle, in the section on materials, refers to heat 
treated steel being used in parts, and he might name the parts in question. 


Mr. L. H. F. Youne. 


Up to the present time the progress of the Doxford engine has been confined to main engines only. 
It does not appear to have come forward yet as an auxiliary engine. Is this due to any inherent 
difficulty in reducing the engine to a smaller size, or does the height of the engine render it undesirable 
for a position in the wings of the engine room? Some of the vibration occasioned by the earlier 
auxiliary engines would certainly be overcome by the installation of the Doxford engine. 

One difficulty experienced with the earlier Doxford engine was that of reversing the engine when 
the vessel had full way on. As the author points out, the losses due to friction are comparatively small 
and there is no air compressor, so that the engine when running tends to be in a fair state of equilibrium. 
To facilitate reversing, the air brake was fitted; this being a connection between a pair of cylinders 
whereby the air oscillated between the two. According to reports received, this modification to existing 
engines was only a partial success, although, from the author’s remarks, it would appear that in the 
later engines the manceuvring qualities have been greatly improved. 
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The troubles met with in Diesel engines are referred to further on in the paper; and, as might be 
expected, liners head the list. The principal defects with these are evident in cracks and excessive 
wear. The liners in the earlier Doxford engines were subject to cracks, but this seldom occurs now, 
nor is the wear nearly as much as that experienced in liners of many other types of Diesel engines. 

However, there is one defect peculiar to the Doxford liner, and that is distortion in the way of the 
valve housings. Oil gradually finds its way between the liner and the valve housings and eventually 
settles on the cooling surfaces, thereby giving rise to further distortion. To overcome this in existing 
ships an independent cooling water system has been provided for the valve housings, and this 
arrangement appears to be giving satisfaction. 

Although the balance of the Doxford engine must be considered exceptionally good, the makers 
have recently endeavoured to bring this to a greater state of perfection by shortening the stroke of the 
upper piston. It remains to be seen if the desired effect is attained by this modification, and also 
rhathee it gives rise to any detrimental effects to the working parts. 


CORRESPONDENCE. 


Mr. L. C. Davis. 


I wish to thank Mr. Harbottle for his interesting paper on the Doxford engine, but he has left very 
little to argue about. 

Three other colleagues, should they read these lines, will recollect, with mixed feelings, one of those 
very “exhaustive” trials in December, 1914 (thirty-five days of it), and it was after an entire absence of 
any circumstances which one could reasonably have hoped might have led to the termination of the trial 
that the engine was voluntarily stopped—as fresh as paint. 

The so-called silencer, fitted to the exhaust, proved to be a most efficient amplifier, and at the end 
of that thirty-five days the frenzied population of Pallion, hollow-cheeked and sunken-eyed with 
sleeplessness, offered up ecstatic thanks that that dratted engine had stopped. 

Tt is refreshing to read (under “Scavenge Pump”) the author’s reference to the makers’ recourse 
to expedients with the definite object of minimising noise. Noise in connection with the Diesel engine 
is an aspect which has generally been overlooked. Noise of any kind in an engine room is bad. Whether we 
like it or not it is a resounding discredit to someone. Perpetual pandemonium in an engine room not 
only gets on the engineer’s nerves, and renders him inefficient, but it robs him of one of the senses (that 
of hearing) by which any departure from the normal running of machinery can be most readily detected. 

In all fairness to main Diesel engines, it must be conceded that the great majority of them are 
quiet running, but it is to be regretted that the same remarks cannot be truthfully applied to the 
auxiliaries. When strident music emanates from a Diesel engine room, suggestive of gyrating bags of 
hammers, one is correct in assuming that the auxiliaries are motor driven, and when an approaching 
motor vessel gives the impression that the fog horn is blowing continuously, it may be concluded, quite 
accurately, that a motor scavenge pump is fitted. 

I may add that I have had the pleasure of attending sea trials with the Doxford main engine and 
steam auxiliaries, when an outstanding feature was the entire absence of sound at all speeds. 

Mr. Harbottle has rendered a signal service to the Association by putting a concise description of 
this motor at the disposal of its members. His paper is a plain statement of fact. He does not make 
any extravagant claim, and I think he would agree, that if someone has succeeded in convincing a ship- 
owner that a Diesel engine is the thing, there is no better combination at present than the main engine 
under discussion—with steam auxiliaries. 


REPLY BY THE AUTHOR. 


I am very grateful to Mr. Carnaghan for his contribution, as had it not been for Mr. Carnaghan and 
the assistance of Messrs. Doxford in supplying drawings and information, the paper would not have been 
written. Mr. Carnaghan’s remarks regarding the bedplate have brought out a further good point in the 
Doxford engine. Since the welded rings of cast iron were fitted in the steel pistons, there has been no 
reconditioning of pistons, but time will tell. Mr. D. M. Shannon is an authority on marine oil engines, 
and his figures may be taken as correct; they are of special interest, and I thank Mr, Carnaghan for 
adding them to the paper. 

With regard to the statement that the spray from the fuel valves is directed away from the cylinder 
wall, this holds good for both ahead and astern running; but when going astern, only one fuel spray 
comes into action. The atomized oil from each of the nozzles in the fan shaped sprays is conical 
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shaped, the sides co-mingling and forming a fan shaped mist. The intense portion of this spray is about 
two-thirds from the point of the cone, or one-third away from the cylinder wall. During combustion, the 
scavenging air owing to its swirling action automatically passes through the curtain of finely divided fuel 
supporting the combustion within the cup ends of the pistons which form the combustion chamber. 
The back fuel valve, not being used for astern running, avoids the necessity for providing gear on the 
back cam shaft. 

Mr. Dorey is quite right in stating that the paper does not lend itself to severe technical criticism, 
as a description of the engine was all the paper aimed to do, and I am pleased to hear Mr. Dorey say 
that the merits of the engine have not been overstated. However, it would be interesting to have the 
reason which led Mr. Dorey to say: “‘No doubt, in a few years time, the opposed piston engine will take 
its place among other engines which have given good service in their time and could not survive in the 
race for supremacy.” 

In this sentence Mr. Dorey welcomes the good service of the engine, while at the same time he 
gives it a sort of premature obituary notice, notwithstanding the fact that it is a type of engine which 
has speedily come to the very front ranks of marine oil engine technique, and which has been adopted 
for the highest class of ocean transport. In a paper read before the German Institution of Naval 
Architects many years ago, Professor Junkers, the pioneer of this type of engine, stated that his engine 
was evolved with the sole object of realising large outputs in oil engines, and the accompanying Table I. 
shows to what extent this object has been fulfilled. In Table I. it is shown, that with the single 
exception of the 28.C. double acting engine, the Doxford opposed piston type is able to produce the 
same amount of power in a more compact form. This Table is based upon engines which are already in 
service at sea, and indicates that the opposed piston engine is able to produce as much power from four 
cylinders as other types give in from six to eight cylinders. 

SPHERICAL BEarincs.—The additional flexibility obtained by the use of spherical bearings is a 
distinct advantage in the case of the opposed piston engine crankshaft, so much so that the makers have 
rigidly adhered to this design in spite of much criticism. It is difficult to understand how the presence 
of these bearings can have any adverse effect on the strength of the shaft, since, unlike the shafts of 
single piston engines, there is only a nominal load on the main bearings, the bending effect being 
absorbed between the side connecting rod centres. It should be remembered that any attempt to restrain 
the shaft at the main bearings must result in putting considerable strain on the bedplate and framing, 
and it is extremely doubtful whether the framing could exert any useful restraining influence. The 
whole aim in designing the opposed piston crankshaft is to produce a shaft of as uniform flexibility as 

ible, so as to avoid concentrating forces at individual points. With this object in view, the coupling 

lts, and, in the case of the balanced types of engine, the couplings themselves, have been specially 
designed to preserve the continuance of flexibility. This may also account, to a certain extent, for the 
freedom from bedplate trouble in this engine. 

EncinE Batance.—There is no doubt that the opposed piston engine obtains a better degree of 
balance with four cylinders than other types with six and eight cylinders, not only from the point of 
view of externally unbalanced forces and couples, but also from the point of view of internal balance 
and freedom from torsional oscillation. 

Table II. shows comparative unbalanced inertia forces for each cylinder of the engines tabulated in 
Table I. From this it is seen that the unbalanced force in each cylinder line is considerably less in the 
case of the opposed piston engine than with any other type, since primary forces are balanced, leaving 
only an unbalanced secondary force. 

Table ILI. is a comparison of the degree of balance obtained for the engine as a whole in the case 
of the engine tabulated in Table I., and shows that here again the balance of the opposed piston engine 
with only four cylinders is more than equal to that of other types having a greater number of cylinders. 
With regard to critical speeds, it must be remembered that the larger the number of cylinders the more 
liable the engine is to have serious criticals within or close to the operating range unless very special 
care is taken in the design, and also that, in the case of four stroke cycle engines in particular, there 
may be critical speeds, not only of every integral order, but of half orders as well. 

ScaveNGE Arir.—There is definite experimental verification of the swirling action of the scavenge 
air in the Doxford engine cylinder, since this has been shown very distinctly by oil traces on the piston 
crowns (see the photograph published in Mr. Keller’s Paper “Combustion and its Difficulties”—Fig. 4), 

SpEcIaL STEELS.—Heat treated steel is employed for side connecting rod gudgeon pins, fuel pump 
bodies, crankshaft coupling bolts, side fain eg and scavenge pump crosshead keeps, and transverse 


PARTICULARS OF HIGH POWERED MARINE OIL ENGINES. 


TABLE I. 
Weight, 
of | 
Type No. of . Mech Weight perticef Nearest 
of Cylin- | Bore. | Stroke. Pies ap R.P.M. ey ey M.LP.| LH.P.|B.H.P.| of | Parts Actual Engine 
Engine ders pres pote ae Engine, per in Service. 
ency. | Cylin- 
der. 
Ins. Ing. Ft. In ale Ibs.Ins.?| Tons. | Tons. 
ee | L 
8 
( Pacific- Workapoor 
4 Stroke Cycle, | ‘ s a Sonn | | ; 
Single Acting f 8 38 66 8 6 100 | 1100 76 95 7250 | 5500 | 950 | 10 eee .800 x 1800 
4 Stroke Cycle we | | ee | 
Single Adiid, TT | | | | Burmeister & Wain, | 
’ SS | 9 5 iz | if 
Supercharged & 8 33 60 4 >| 100 | 1000 88 120 | 6250 | 5500 | 650 | 7 te ne x 1500 
Indep. Comprs. ra) One 
ay | 
Burmeister & Wain 
4 Stroke Cycle, a aig . ! 
Double Acting 6 35 60 9. 100 | 1000 76 95 7250 | 5500 | 650 11 ye ae x 1500 
T | | Nordberg 
6 4 | ’ 
2 Stroke Cycle,!| ¢ | 33 | 60 100 | 1000} 79 | 90 | 7000 | 5500) 600 | 9 |¥ 6Cyls.915x1 
Single Acting | A [. | | 10 
() r.p.m. 
( M.A.N 
2 Stroke Cycle, ¥, . ime ( M. pe ; 
Double Acting 6 rot 48 A f 100 800 79 90 | 7000 , 5500 | 400 nf } eh a 1200 
‘ 20 r.p.m. 
Silverline, Doxford, 
re ee wyeeid) 4 |be7 | 108 lon 100 | 900| 92 | 95 | 6000 | 5500 | 520 |6 Centre ) 40yls.680 x 2720 
pp (48" +60") L 7}, side | { (Combined) at 95 r.p.m. 
| 


a 


a 


6 
BALANCING CALCULATIONS FOR HIGH POWERED OIL ENGINES. 
TABLE II. 


UNBALANCED INERTIA ForcES FOR ONE CYLINDER. 


MAXIMUM UNBALANCED INERTIA FORCE (IN TONS). 


TYPE OF ENGINE. 


Primary. Secondary. Total. 
4 Stroke Cycle, Single Acting ar ese 94 23°5 1175 
4 Stroke Cycle, Single Acting, Supercharged 60 15 75 
4 Stroke Cycle, Double Acting fr eas 94 23°5 1175 
2 Stroke Cycle, Single Acting ve en 76 19 95 
2 Stroke Cycle, Double Acting te Bis 48 12 60 
2 Stroke Cycle, Opposed Piston... ~: Nil. 19 19 

NOTES. 


1. For other particulars of engine, see Table I. 


2. Connecting rodjcrank ratios assumed, four for single piston engines and four for centre drive 
of opposed piston engines. Light for side drive of opposed piston engines. 


3. Primary inertia forces calculated from— 
F = 0°00034 x W x R x N? tons, 


W = Weight of reciprocating parts in tons, 
R = Crank radius in feet, 
N = Revolutions per minute. 


4. Secondary forces calculated from— 
f = 000034 x W x R x N’/n for single piston engines, 
= 000084 x W x R x N*(i/n' + 1)/n’) for opposed piston engines., 
where n = Ratio, connecting rod/crank for single piston engines, 
n' = Ratio, centre connecting rodjcentre crank for opposed piston engines, 
n’ = Ratio, side connecting rod/side crank for opposed piston engines, 


5. Revolving masses assumed to be balanced by counterweights on crankshaft in all cases, thus 
eliminating horizontal forces for each cylinder. 


BALANCING CALCULATIONS FOR HIGH POWERED OIL ENGINES. 
TABLE III. 


BaLANCE OF ENGINE aS A WHOLE. 


MAXIMUM UNBALANCED ForRCES AND COUPLES. 


Ratio: 
TYPE OF ENGINE, Max./Mean ForcEs. CouPLEs. 
Torque. 
Vertical. | Horizontal. Vertical. | Horizontal. 
re eee: eee ees ee Te ee ea lbs. rer me pees |e ee ee on 
4 Stroke Cycle, Single Acting... | 207 |, th Order) Nil Nil Nil 
4 Stroke Cycle, Single Acting, Supercharged) 2-07 | 4 th Order) Nil Nil Nil 
4 Stroke Cycle, Double Acting...) 148. | guy " rder)| Nil Nil Nil 
2 Stroke Cycle, Single Acti 6 Nil 865 fect Nil 
2 Stroke Cycle, Single Acting... eee} = 1°84 (6th Order) 1 (Secondary) i 
: : , 47} ; 186 to . 
2 Stroke Cycle, Double Acting... aoalee Line (6th Order) Nil (Secondary) Nil 
2 Stroke Cycle, Opposed Piston... ..| 1°66 |, te Onder) Nil Nil Nil 
NOTES. 


1. Unbalanced forces calculated from— 
F = 0:00034 x W x R x N? (cos a + B, cos 2a + B, cos 4a + B, cos 6a), 


where W = Weight of reciprocating parts in lbs., 
R = Crank radius in feet, 
N = Revolutions per minute, 
B,, B,, B; are coefficients applying to the respective orders. 


2. Unbalanced couples for the six cylinder engines calculated from— 
C max = 0:00118x W x R x N’/n x a tons feet, 


where n= Ratio, connecting rod/crank, 
a = Cylinder centres in feet, 
W = Weight of reciprocating parts in tons, 
R = Crank radius in feet, 
N = Revolutions per minute. 


3. For other particulars of Engines, see Tables I. and IT. 
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AUXILIARY EncinEs.— Whilst it is true that Messrs. Doxford do not fit opposed piston engines for 
supplying auxiliary power in the vessels which they build, this does not imply that they are not fully 
alive to the possibilities in this direction. It must be remembered, however, that the production of a 
really successful engine, having cylinders only seven or eight inches bore, and running at 200 to 300 
R.P.M. is, in many ways, as remarkable an achievement as the production of a large engine developing 
1500 B.H.P. in a singlé cylinder, although the problems at the lower end of the scale are vastly different 
from these which have to be faced at the upper end, both technically and commercially. It is doubtful 
economics to attempt the production of both types of machine side by side in the same factory. Hence, 
whilst Messrs. Doxford have been experimenting at intervals with the smaller units, their main object 
has been to establish a secure position for the opposed piston engine for main propelling purposes. No 
doubt the work on the smaller engine will receive renewed impetus when the problem for the larger 
engine has been finally worked out. Amongst the types of opposed piston engines which are being 
successfully manufactured in small sizes mention might be made of the small high speed engines of the 
Fullagar type, which are marketed by Williams & Robinson, of Rugby, and the Junkers opposed piston 
engines, which are being built in Germany. There need be no fear for the opposed piston engine in 
small sizes on the score of either weight or space occupied, as it is one of the peculiarities of this type 
of engine that its proportions (of stroke to bore) can be modified to enable it to go into any space 
sufficiently large to accommodate a single piston engine of equivalent power. Mr. Young rightly draws 
attention to the better balance of opposed piston engines, which is bound to exert a beneficial influence 
in the suppression of vibrations. 


_ Brake GEar.—This is mainly fitted to twin screw vessels having small propellers and running at a 
higher number of revolutions. The manceuvring capabilities of the Doxford engine have never aroused 
legitimate criticism, and when brake gear has been fitted it has been done with the object of allaying the 
fear of the owners rather than because any serious manceuvring disability was apprehended, and is to be 
epic as purely and simply an emergency device at the service of the engineer in an exceptionally 
tight corner. 

The functioning of the brake is not expressed as an oscillation of air between two interconnected 
cylinders, but as a definite expulsion of highly compressed air towards the end of the compression 
stroke, which becomes available as a means of retarding the motion of the running gear of the engine. 
Two cylinders, whose cranks are at 180° (that is when the pistons of one cylinder are together and the 
air compressed, and the pistons of the other cylinder are apart and the exhaust ports open to the 
cylinder) are interconnected, merely because this forms an easy and silent method of discharging the 
compressed air in one cylinder through the exhaust ports of the other cylinder, the instant of discharge 
being controlled by a timed valve placed somewhere in the pipe connecting the two cylinders. 


LineR Wear.—Liner wear is a problem with all oil engines and is closely bound up with piston 
ring design. The Doxford engine is certainly no worse in this respect than any other oil engine, and is a 
great deal better than many other types of two stroke cycle engine. The wear in piston ring grooves 
has been reduced to an inconsiderable amount by the fitting of hard surface cast iron bearing rings on 
the lower surfaces of the piston ring grooves. 


VatvE Hovsines.—The distortion of the cylinder liner in the way of the valve housings has been 
met by employing only two dowel pins to secure the steel jacket to the liner at this point, and if proper 
attention is given to the metallic packing round the valve bodies inside the housings there need be no 
trouble from leakage at these points. The separate fuel valve cooling water system which is now 
employed prevents leakage of fuel oil past the joints in the valve nozzle into the fresh water circulating 
system supplying the cylinder jackets. 

The short upper stroke and long lower stroke, which are an essential feature of the balanced type 
of engine have had no detrimental effect on either the mechanical or thermal characteristics of the 
engine, i.e. neither the thermal efficiency or the mechanical efficiency of the engine has shown any 
adverse tendency. 

I have to thank Mr. Davis very much for his kind remarks, although I must say that the noise he 
complains about on the shop trial of the Doxford engine must have departed through the rapid evolution 
of the machine as, on a trial at sea last month, the steam driven auxiliaries made more noise than the 
main engines. The account of the population of Pallion, hollow-cheeked and sunken-eyed with 
sleeplessness, is of great interest, as it is possibly this want of sleep which has caused the tired feeling 
which many of them still suffer from, judging by the way they lean against door posts and other 
inanimate objects, on the road to Pallion. Mr. Davis may be interested to know that the noise of which 
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he complains has been diverted from the unprofitable task of shattering the engineers’ ear drums and 
nerves, to the more profitable occupation of raising steam in a waste heat boiler, whereby about 14 tons 
of fuel per day are saved in a total of 7 tons per day in an installation of about 2000 B.H.P. 

Several questions were raised by other speakers at the meeting held in London, and | will endeavour 
to answer them from the notes taken at that time. 1 think the greater part of the questions I have 
already answered. Mr. Heck spoke about 90 per cent. mechanical efficiency, he will see that 92. per 
cent, was obtained on the Silverline vessel given in Table I. Mr. Heck also spoke about bearings, air 
brake, flexing of crankshaft, motion of scavenge air, and indicator diagram. I think all these items 
have been dealt with in previous answers except the indicator diagram. Only one diagram is taken from 
each cylinder, a carefully adjusted gear making due allowance for the greater mean pressure on one 
piston, due to the obliquity of the connecting rod. 

Mr. A. A. A. Chalmers asked about composition and new design of liners. The new design of liner 
has the jacket in one piece, and this is now secured to the liner by only two dowels, instead of four. 
The composition of one set of liners, which have done good work, is Graphite 1:21, Silicon 1°32, 
Phosphorus 0:091, Sulphur 0°072, Manganese *6. However, the percentage of the elements is not of so 
much importance as their mode of existence and manner of distribution through the mass, as each substance 
takes up, as near as it is able, a position relative to its specific gravity. A pearlitic structure is aimed 
at. To control the amount of pearlite present is practically the same as controlling the amount of 
graphite present, and the structural composition of pearlite iron is largely determined by the temperature 
to which it is raised, poured, rate of cooling and solidification. 

Mr. @. N. Hunter spoke about a stepped piston ring and injection pressure. The stepped ring was 
used as a limit for expansion, but on the latest type the plain ring bearing on the cast iron wearing ring, 
which is welded in the grooves of the cast steel piston, is now used with good results. The fuel 
injection pressures vary from 4000 lbs. per square inch to 9000 Ibs. per square inch. 

Mr. A. C. Hunter spoke of exhaust ports being choked. Due to the splendid scavenge system I 
think the Doxford engine has less trouble with this than any other engine. Of course, through 
unsuitable fuel oil and leaking fuel valves, any engine ports will choke, and on a few occasions this has 
been the case, possibly Mr. Hunter has heard of one of these cases. 

In conclusion, I wish to thank all the gentlemen who took part in the discussion and, with their 
remarks, helped to augment the paper, also to Messrs. Doxford for supplying drawings and information. 


LLOYD'S REGISTER STAFF ASSOCIATION. 


ANNUAL MEETING. 


The Annual Business Meeting of the Staff Association was 
held in the Board Room of the London Office, 
on Wednesday, 24th April, 1929. 


The Secretary read the Minutes of last Annual Meeting, and also the Financial Statement 
which showed a balance on hand of £12. 


Reviewing the work of the session just completed, the President said :— 
GENTLEMEN, 


Custom ordains that at this Annual Meeting of the Staff Association, the President should 
address to you some few remarks regarding the work done during the past Session, and not having 
been blessed with a more kindly disposition than my august predecessors in this office, I do not 


propose to summon up the necessary originality to refrain from inflicting upon you a short 
review. 


May I say in the first instance, that having noted with what assiduity members have applied 
themselves to the promotion of the well being of this Association by the reading and discussion of 
papers, by regular attendance at the meetings, and—in some cases—by the reading and revision of 
proofs, I am filled with admiration of the boundless energy possessed by all, as evidenced by a 
common determination to continue the pursuit of knowledge during the months which must 
intervene before our next session commences. 


Curiously enough from what I see and hear it appears that both Engineers and Naval Archi- 
tects are resolved to investigate, more especially in a practical manner, the single subject of 
Dynamics, during the coming summer months. This is delightful to contemplate, indicating as it 
does a community of interest, and a unanimity of thought between Naval Architect and 
Engineer. 


Many phases of this particular branch of science will be examined since it seems there are 
some intent upon the investigation of the acceleration and velocity of mechanically propelled 
vehicles, whilst others have declared that they will concentrate on the subjects of the trajectory of 
spherical projectiles possessing such varying co-efficients of elasticity and friction when in flight, 
as golf, cricket and tennis balls. 


But, Gentlemen, while, as I have said, I am filled with admiration at the boundless stores of 
energy which you thereby evince, I beseech you not to overwork yourselves in these scientific 
pursuits lest there be no surplus driving force remaining to carry on the work of next session. 


However, I find myself digressing, and I hasten to call myself to order, and to return to 
reviewing the past. 


If during the past year we have, as an Association, broken no records, we can at least say that 
much useful work has been done. Moreover,a fine spirit has been in existence at all our Meetings. 
Authors have prepared their papers with care and diligence, have read them with becoming 
modesty, and have received suggestions and criticisms as welcome additions to their work. 
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Discussion has been candid but always fair, and has invariably conveyed the impression that 
when expressing themselves members were making an endeavour to embellish an edifice which 
satisfied their professional senses rather than to exhibit their superior strength and craft by casting 
it down to destruction. 


I have used the term “ expressing’’ and I trust that expression will always be a special 
attribute of this Association. 


Having consulted that faithful friend, the dictionary, I find that the derivation of this term 
suggests a squeezing or pressing out. 


It is to be hoped that all our members will give themselves an occasional little squeeze in 
order that they may keep themselves awake to the fact that by a comparatively mild effort they 
may extract from their personal knowledge and experience some particular facts, ideas or opinions 
which may be of inestimable use to colleagues whose careers have run along somewhat different 
paths. 


I should like to refer to the Special Lecture on “ Pulverised Fuel and its Particular Application 
to Marine Boilers,’ which was given to us by Mr. W. E. Woodeson, Jun., B.Sc., to whom our 
cordial thanks are due. This lecture was from all points of view a distinct success, and quite apart 
from its technical excellence was the means of bringing within our walls many friends and 
acquaintances whom we were delighted to welcome. 


You will be glad to know that Sir George Higgins, the Chairman of Lloyd’s Register of 
Shipping, was so good as to tell me personally that he had thoroughly enjoyed the lecture and 
would be glad to attend future gatherings of the kind. 


No doubt you will wish me to express our very sincere thanks to Sir George Higgins and the 
Committee of Lloyd’s Register for the encouragement they give to the Association in many ways, 
of which we specially appreciate the printing of our Transactions and the use of this beautiful 
room to hold our meetings. 


We are also greatly indebted to the officials and staff of the Printing House, who more than 
once have risen nobly to the occasion by printing our papers at short notice and in record time. 


Finally, may I express my personal thanks to Mr, W. Thomson, our indefatigable Honorary 
Secretary, to the members of the Committee and all you Gentlemen, who have by your efforts, 
your courtesy and kindness, enabled me to carry out the duties of President in a manner which I 
trust has not failed to be fitting and acceptable. 


The meeting then proceeded with the election of Office-bearers for the new session, and on 
the motion of Mr, A. Ewing, seconded by Mr. S. T. Bryden, Mr. W. Dennis Heck was 
unanimously re-elected President. 


The further appointments were made as follows :— 
Hon. Secretary - : - - - Mr. W. THomson, 


CoMMITTEE, LoNDoN: 
Messrs. J. R. Beveridge, H. Dickerson, S. F. Dorey, J. S. Gardiner, 
T. E. Sowden, S. Townshend, and L. H. Young. 
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